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PREFACE 



Since its first appearance fifteen years ago, this monograph has been 
twice revised and updated. Meanwhile, ihe literature t>f recreational mathe- 
matics has proliferated to such an extent that instead of merely updating 
the original bibliography once more it seemed desirable to issue a second 
volume which would not only he more timely but also enlarged in scope 
and improved in format. The two volumes thus complement one another 
and provide a comprehensive coverage of the field. When used together, they 
should hopefully serve the reader well, whether an amateur or a professional, 

— W, L, S, 

Boca Raton, Florida 
September^ 1969 



PREFACE TO THE FIRST EDITION 



The late G- H, Hardy once observed that there are few more '^popular" 
subjects than mathematics. His contention is amply borne out by the uni* 
versal interest manifested in mathematical recreations f<^r over 2000 year^ 
ranging from the loculus of Archimedes and the talismen magic squares of 
the early Chinese to the cryptanal^sis and topological recreations of modem 
times. One need only recall how testament problems, ferrying problems^ 
coin problems, problems of pursuit and problems of arrangements have 
come down through the ages> ever dressed anew, yet always the same old 
friends. Labyrinths, dissections^ acrostics, tangrams, palindromes^ and so 
on, are likewise virtually ageless. Hence it should occasion little surprise 
that an enormous body of literature has arisen in the last 300 years. 

It has been my purpose to gather a considerable part of this material 
between the covers of one book for the convenience of students and teach^ 
ers, as well as laymen and specialists. The more than 2000 entries by no 
means represent a complete or exhaustive compilation. But enough has been 
given^ I hope, to be of real help. I have tried to meet the needs of almost 
any reader — the beginner, the dilettante^ the professional scholar. Hence I 
have deliberately included some "popular" articles along with erudite and 
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technical diSf^ussions ; niony contemporary and reteiit publications* as vvell 
as some of an earlier penod; some that are readily accessiblei and others 
that are to be found only in important libraries; most of them in English^ 
i^ome in French. Germani and Italian; most of them significanti a few, some- 
what superficiah In this ^*a>% it is hoped^ both the neophyte and the sophis* 
ticoted authority will find what they need. 

The task of organizing this material yielded a more or less arbitrary 
classificotion of mathematical recreations* OccasioDaU)% where helpful, en- 
ties have been annotated; to have commented upon each item seemed quite 
unnecessary* and would 'n any event have been prohibitive. 

It Would scarcely seem necessary- to suggest how this guide may be used. 
To be surei a number of entries listed under each of the more than 50 head' 
ings Avill not be :]vailable to the reader unless the facilities of a large library 
are at hand; yet there wil! almost surely be some that are accessible. In 
most instances the reader will have little difficulty in selecting items per- 
taining to a given topic: he should be guided by tlie title of the book or 
article; by the annotation* if any; by (he sort of periodical, whether scholarly, 
popular. profe$sion:]l. newsy, and so on; and* to some extent, by the length 
of an article. Naturally, the reader^ purpose, as well as his familiarity with 
ihtr >ubjet.'t. uitl loojn large a> fat^tyr* in helping hini ^^Wt items to be 
coniulted. Nor should he be deterred by references in a foreign language; 
after all the mathematical symbols and geometric figures are essentially the 
same, so that even a moderate facility in French or German often suffices. 

This guide will serve as a place to begin to look for source materials. It 
will help the student pursuing his mathematical studies in high school or 
college; the mathematics club looking for program and project material; 
the teacher gathering human interest or motivation material; the more ad- 
vanced student engaged in research; the amateur mathematician or the 
proverbial layman happily engaged in that most delectable of all activities — 
a hobby or a recreation. 

May following these traits afford the reader as much pleasure as it has 
been for me to map them out for him. 

— W. L. S. 

July 1954 
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"But leaving those of the Body^ 1 
shall proceed to such Reaeotions as 
adorn the Mind; of which those of the 
Mathematicks are inferior to none*" 

—WILLIAM LEYBOURN: Plwsun wHh Proft (1694). 
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Chapter 1 

AS EARLY as 1612 the Frenchman Claude Gaspard Bachet de Meziriac 
publkshed his Froblemes phisans et delectables^ qui se font par les 
nombres; a second edition appeared in 1624. In the same year, under 
the torn plume of Van Etten, there appeared a volume entitled Recreations 
mathematiques^ the author of which was the Jesuit Jean Leurechon. General 
interest in such books apparently increased, for this was followed in 1630 
by Claude Mydorge's Examen du Uvre des recreations mathematiques et de 
ses problemes* In 1636, Daniel Schwenter's Ddiciae physicomathemcUical 
oder Mathematische and phihsophische Frquickstunden appeared posthu^ 
mously, and in the years 1641^2 the Italian Jesuit Mario Bettini issued the 
first two volumes of his Apiaria untvcrsac philosophiae mathematicae in 
quibus paradoxa et nova pleroque machinamenta ^hibentur^ to be followed 
in 1660 by a third volume under the title of Recreationam mathematiarum 
Apiaria Xll novissima. On the heels of this came the Arithmctische Lust* 
garten of Johann Mohr, published in 1665. Thirty years later we have Wil- 
liam Leyboum's Pleasure with Profit: Consisting of Recreations of Divers 
Kinds, viz.. Numerical, Geomelricalt Mechanical^ Staticalf Astronomical^ 
Horomttrical, CryptographicaU Magnetical, Automatical Chymical^ and His* 
toricai. 

At the very threshold of the 18th Century, in 1694, came Jacques Ozanam's 
treatise on mathematical recreations: Recreations mathematiquts et physiques. 
Ozanam niay be regarded as the forerunner of modern books on mathemat^ 
ical recreations. He drew heavily on the works of Bachet^ Mydorge^ and 
Leurechon; his own contributions were somewhat less significant. The work 
was l^ter augmented and revised by Montucla, and still later rendered into 
English by Button, passing through many editions. 

In more recent times, a host of illustrious names come to mind- Kohert 
Abraham, Walter Ahrens, W. W. Rouse Ball, H. S. M. Coxeter, H. E. Dude- 
ney, E* Fourrey, Royal V* Heath, Kowalewski, Maurice Kraitchik, Joseph 
Leeming, Walter Lietzmann^ Edouard Lucas, Jerome Meyer, Geoffrey Mott- 
Smith, E* Northrop, Hubert Phillips, J* J* Proskauer, Hermann Schuhcrt, 
Victor Thfbault, Theodore Wolff, not to mention a score or more of others. 

I 
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RECaEATlONAL MATHEMATICS 



1J Early Twentieth Century Books^l 900*1 924 

Ahucms. Wilhelm. AUes and Neaes <aus der Unterhaltungsmathematik. Berlin: 
1918. 

Ahrcms. Wilhelm. Mathematiiche VnUrhaltungen and Spielt (2 Vol.). Lcipng; 
Teubner. 1910-1918. 

Extensive bibliography, Vol.2, p. 37S.431. 

Ahre^ts. WiLHCLM. Mothematiker-Anekdoten. Leipng: Teubner, 1920. 

AHltE^rs* WiLHCLM. Scherz und Ernst in dtr Mathematik: Geflugelte and unge- 
fiugelte IF one. Leipzig: 1904. 

BACHtfAPt^ L, Das SchachspM und seine historische Entwicklung. Leipzig; 1924. 

Ball, W, W. R. Recreations mathemutiqu^s et problemes des temps anciens et 
modernes {Tr%n^ J. Fitzpatrick) . Paris: 1909-1926. 

BiscKOFF, Dr. Die Etemente der Kabbalah- 1913. 

BiscHOFF. Dft. Mystik and Magie der Zahlen. 1920. 

Blyth, Will. Matchstick Magic. Lottdon: 1921. 

Collins, A. Frederick. Short Cuts In Figures. New York: Edward J. Clode, 1916. 

CZEPA, A. Matherrtdtische Spielereien. Stuttgart: Uniorii Deutsche Verlagsanstalt, 
1915. 

Delci^s, Paul A. P. Frobltmes d'arithmetiques amusantes. Paris: Vuibert, 1914. 
164 p. 

DvPEMCY, H. E. Amusements in Mathematics. New York: Thomas Nelson & Sons, 
1917. 258 p. 

DuPENCY, H. E. The World^s Best Puzzles. Strand Maganne, 1908. 

Ernst, E. Matkematische Vnterh(tUungen. Raveosburg: 1911-12. 

EvANSt Henry R. The Old and the Sen' Magic. Chicago: Open Court Publishing 
Co., 1909. 

Feraql. Dr. F. Das neue Rechnungsverfahren. 1919. 

FiTTiNCt F. Schubert's ^'Mathematische Mussesiunden.** Berlin; 1924. 

FouRREY, E. Curiosites geometriques. Paris: Vuibert et Nony* 190/. 1920. 431 p. 

GcrtAU, A. Mathematische OberrascHungen. Amaberg: 1913. 

Ghcrsi, I. Matematica dilettevoU e cttriosa: probfemi curtosi c Hxzari. Mibino: 
1913. 748 P^ 

Harocnbcac. Kuwo v. Die Losung eines alten okaiten Rdtstls. 1924. 

Hahris. a. v.. 4 Waldo. L Number Games for Primary Grades. Chicagot 
Beckley^ardy, 1917. 

Hcllenbach* L Die Magie der Zahlen. 1910. 

H^RAUO^ A* Jeux et recreations scientifiques. Paris: 1884*1903. 

Hulisch. Zahlenmagie in Bezttg aaf das Menschliche Leben. 1910. 

IcrtATiEv, E. J. Mathematische Spiete, RmseU und Erholungen. Petersburg; 1903. 
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JoNE3* Samuel I. Mathematical Puzzles. Dentoni T«As; News Flint, 1902. 76 

A collection of the most amusing properties of numbers, and many of the 
most difficult mathematical problems with tbeir answers. 

fCoWALEWSKt* Cekhabd W. H. Mothemotica detectans: atisgewahlte Kapitel aus 
der Mathematik der SpUle in gemtinverstandUcher Darstellimg. Leipzig; 
W. EngelmaDn. 192L Heft 1. Boss*puzzle und verwandte Spiele* 

Lance, M. Das Scha^hspiei und seine strategischen Priniipien. Leipzig: Teubner, 
1923. 

Lean* John U. Freaks of figures. Detroit: Modem Methods Publishing Co., 
1907. 

R LiETzMANN. Walter. Trugschtusse. Leipzig: Teubner* 1923. 

List, G. Das Geheimnis der Runtn. 1908. 

LoYD, Sam. Cyclopedia of 5000 Puzzles, Tricks and Conundrums. New York: 
Momingside Ptf^^. Franklin Bigelow Corp.. 1914. 

LoYD. Sam. A Puzzle Book for Children. Philadelphia. Pa.: David McKay Co.* 
1912. 

Maack. Ferdinand. Elias Anista Redivivus. 1913. 
MaacKi Ferdinand. Di^ heiiige Mathesis. 1924. 
Maack* Ferdinanu. Raumschach. 1909. 

Maennchen, p. Geheimnisse der Rechenkunstler . Leipzig: Teubner* 1924. 
Malow^ F. Mathematical Dexterities. St. Louis: 1906. 

MixTEjyzwEY* L. Mathematische Kurzweil. 3rd edition; 6th edition. Leipzig; KUnk* 
hardt, 1895. 1912. 

NeuhaOSi 0. Rechenkunste und Zahlenspiele . 1902. 

Peawo, C. Giuochi di aritmetica. 1924. 

Pfaundler* L. Das chinesisch.japanische GoSpiel. Leipzig: 1906. 
Rich. F. M. The Jolly Tinker. New York: D. Appleton tt Co., 1923. 
RiLLY. A. Le pTohleme du cavalier des echecs. 1906. 

Row, T. Suwdara. Geometic Exercises in Paper Folding. Madras. 1893. Revised 
edition, Chicago: Open Court Publishing Co.* 1901. 148 p. 

Schubert, Hermann. Mathematical Essays and Recreations. (Trans, by T. J. 
McCormack). Chicago: Open Court Publishing Co., 1910. 149 p. 

Sloane* T. 0*Conn£r. Rapid Arithmetic. New York: Van Nostrand, 1922. 

TeyssoneaU* Ed. 100 recreations mathematiques. . . . Curioshes scientifiguet. 
Paris: A. L. Cuyot, 1904. 185 p. 

Thompson, J. E. and Sloane* T. 0. Speed and Fun with Figures. New York: 
Van Nostrand. 1922. 559 p. 

Weeks* Raymond. Boys' Own Arithmetic. New York: Dutton, 1924. 188 p. 

White* W. F. A Scrapbook of Elementary Mathematics; Notes* Recreations, Es* 
says. Chicago: Open Court Publishing Co., 1908. 248 p. 

WONSCH, H. Vnterhaltende Rechenstunden. Wien: Ceroid, 1918. 



ERIC 



15 



4 



KCCKCATIONAL MATHEMATICS 



1*2 Contemporary Books — From 1925 On 

Abbott, Edwin A. Flatland: A Romance of Many Dimensions, litw York: Dover 
PublkatioQtt, 1952* 103 p* 
Revised edition, after 70 years, 

Abraham, Robert M. Diversions and Pastimes: a Second Series of Winter 
flights Entertainments. New York: Dutton. 1935. 15S p. 
Match and coin games'; knots and strings; fun with papers conventional 
puzzles, 

Abraham, Robert M, Winter Nights Entertainments, New York: Dutton} 1933. 
186 p. 

Card and coin tricks; paper folding; match tricks; string games; knota. 

Adams, John Paul. Puzzles for Everybody, New York: Avon Publishing Com- 
pany. 1951, 128 p, (Pap^r) 

Adler, Irving, Magic House of Numbers. New York: John Day, 1957. 128 p, 
Aherns, WipHELM, Ahes und Neues aus der Unterkaltungsmatkematik. Berlin: 
1938. 

Well-known classic, 

Akress, WiLH^LM. Mathematische Spiele. Leipzig: Tetibner, 1927, 

.ALBtigiiERgt'E^. iREMd DE. Jogas e recreacoes niatepidticas. Rio de Janeiro: Con. 
quista, 1954. 

BaKst, Aabon. Mathematical Puzzles and PasHmes. New York: Van Nostrand, 
1954. 206 p. 

BaKst. Aaron. Mathematics, Its Magic and Mastery. New York: Van Nostrand^ 
1952, 790 p. 

An interestmg popular exposition, with murh recreational material. 

Ball, W. W. R, and Coxeter, H. M. Mathematical Recreations and Essays. 
London: Macmiltan. 1942, 418 p. 
The granddaddy of all modern books in this field. Arithmetical and geo* 
metrical recreations; polyhedra; chessboard problems; magic squares; 
map*colourtng: unirursa) problems; Kirkm^tn^s schooLgirls problem : 
manipulate arrangements^ dupltcaiton^ trisect ion, and quadrature; cal* 
culating prodigies; cryptography and cryptanalysjs. 

Beer, Fritz, Pseud. '""Complexus/* FrohHches Kopfzerbrechen; 100 Aufgaben 
fUr scharfe Denker, mit einem Anhang: Losungen and Erlauterungen. Wien 
und Leipzig: M Perles, 1934. 152 p. 

Boon, FredekicK C. Puzzle Papers in Arithmetic, London: G. Bell & Sons, 1937. 
64 p. 

BotTCHESv, 0. Curiosites et recreations maihemctiquss. Paris: Larousse, 1941. 
147 p. , 

BftASDEs, Louis G. Math Can Be Fun. Portland, Maine: J. Weston Walch, Pub- 
lisher, 1956, 200 p. 
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BitowN, Joseph C Easy Tricks with Numbers. Pelham, V.: J. C Brown, 1943, 
46 p, (Pamphlet) 

BruneaU, a. Iniiiativn d curiosites mathematiques. ParU: Nathant 1939. 317 p. 
Caro, VtcTOH Eduakoo, Los numeros; su historia, sus propiedadt^s, sus m^ntiras 
y vtrdadts. Bogota: Editorial Minerva, a.a., 1937. 291 p. 

Carboll, Lewis, Symbolic Logic^ Part /, EUmentary. (4th edition, 1897, 240 p.) 
NewtOQville^ Ma«3,: E. C Berkeley & Associates, 815 Washington St* Reprint, 
1955, 

Contains Lewis Carroll's inimitable and entertaining problems in symbolic 
logic. 

Clahke, L. Hakwooi>. fun with Figures. London: William Helnemann, Ltd*, 
1954, 87 p* 

Collins, A* FhedekiCK* Fun with Figures, New York: AppIeton,Century, 1928. 
253 P^ 

CoNGEtES IwTEHwATiowAL DE HeCreation Math emmkjue* Comptes*Rtndus du 
premier Congrcs. Bruxelles: Librairie du **Sphinx," 1935* 131 p. 

Conches iMEHr^AtiONAL Recreation Mathematique* Comptes*Rendus du 
deuxiemt Congres. Bruxelles: Librairte du "Sphiox,'* 1937, 103 p* 

CuTHBEBT, W* R. Days for Dates, Alhambra, California: the author, 1944. 3l p, 

Davis, Frederick, Fascinating Figure Puzzles. Burroughs Adding Machine Com- 
pany, 1933. (Pamphlet) 

Dechazia. Joseph, ^^i^th Is fun. New York: Gresham Press, 1948. Emerson 
Books* Inc*, 1954. 159 p. 

Assorted puzzles, chiefly arithmetical ; problems of arrangement and 
manipulation; cryptograms* 

Deminc, a* C. Number Stories, Chicago: Beck ley Car dy, 1936. 

Doyle, Joseph A, Wizardry in Multiplication. Georgetown, S.C: 1949, 28 p, 

DUDENEY, H. E. The Canterbury Puzzles and Other Curious Problems. New York 
(l London: Thomas Nelson, 1908, 1949* 255 p. 
A distinguished collection by a veteran puzzle expert* 

DUDENEY. H. E. Modern Puzzles and How to Solve Them. London: C A. Person. 
1926; New York, Stokes, 1926. 

DunENEY, H. E* Puzzles and Curious Problems, London; T* Nelson & Sons, 1932* 

DiTNHAM> DAvtD* Every Man a Millionaire. A Balloon Trip in the Mathematical 
Stratosphere of Social Relations, New York: Scrota Mathemaiica, 1937* 
97 p. 

EmdC Dr, Palindrome und die Satorformel, 1925* 

Eperson. D, B. (editor). The Lewis Carroll Puzzle Book. Appeal Ofl&ce> 97 Crane 
St., Salisbury. Wiltshire, England, 1948. 

FarkuCia, Vincewt, Sharpen Your Wits. London: Frederick Warne & Co,. 1956 

FiLtPiAK, Anthony* 100 Puzzles. New York: A* S. Barnes & Co., 1942. 120 p* 
Excellent collection of manipulative puzzles* 
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6 BECRIATTONAL MATHEMATICS 

FitiSEli, PsYLUS A}4D YouNC, Edftb. A Treasury of Games, Quizzes and Puziles. 
New York: Oroi^tt& Dunlip, 1947. 212 p. 

Frkman^ Mac a;^d F^CUIan, Ika. Fan with Figures. New York: Random HouMi 
1946. 60 p. 

Simple divcuMion of common geometric figures such as the parabolit 
apiral*, helbi, screw tfare^dst tangramst and such. Attractive photofirapha. 

(The) Friday Night Book Jewish Miscellany). London: The Soncjno Press, 
1933. 

FiucrfD^ J. NtwTON. Numbers: Fun and Facts. New York: Scribncr*, 1954. 208 p. 

Cardneii, Martik. Fads and Fallacies. New York: Dover PuhlicationSt Inc^ I9S7. 

Cardno, MAftXtrf. Mathematics^ Magic and Mystery. New York: Dover Publica- 
tions^Inc, 1956. 176 p. 

CitXES, WiLUAU F. The Magic and Oddities of Numbers. New York: Vantage 
Press, 1953 . 6S p. 

GooDA, W. G. (Comp.). Lloyd^s Log Problem Book. London: Lloyd'a, 1944. S7 p. 

GitAFt Ulrich. Kabarett der Mathemaiik; Zeichnungen von Maria-Erika Graf. 
Dresden: L. Ehlermami, 1943. 96 p. 

GitimctTE> MUKfUY. (^eometr jcA:s : .... Album of Puzzles. I2xh. revised edition. 
Brooklyn, N. Y.: Playcraft House, 143 East 16 St., Brooklyn, 1939. 

Contains 21 cardboard tile dissection puzzles and tangrams. 

Heald, Haiuuet V. Mathematical Puzzles. (Service Booklet #171). Washington 
Service Bureau, 1013 Thirteenth St, N. W., Washington^ D. 1941. 24 p. 
10^. 

Heath, Royal Vale. Mathemagic. New York: Simon & Schuster, 1933^ 138 p. 
Dover Publications, 1954. 126 p. 

Puxxles, tricks, and games with numbers for the parlor magician. 

HmscHEERC, Arthur. Can You Solve h? New Yo^k: Thomas Y. Crowell, 1926, 
1932. 330 p. 

HoBSorf, E. ET AL. Squaring the Circle and Other Monographs. New York: 
CheUeA Publishing Co., 1953. 

Four well-known essays on problems of geometry: "Squaring the Circle," 
by E. W. Hobson; ''Ruler and Compass^'* by H. P. Hudson ^ "The Theory 
and Construction of Non^Differentiahle Functions," hy A* N. Smgh, and 
"'How To Draw a Straight Line: A Lecture on Linkages," by A. B. Kempe. 
An mtriguing, meaty little book. 

HuwTER, J. A. H. Fun with Figures. Toronto: Oxford University Press* 1956. 160 p. 

Joerfsorf, Hubert Rez. Recreational Exercises in Mathematics: or, **A Sheet of 
Paper" and Other Problems. Washington, D. C: 1926. 204 p. 

JoNES> S. I. Mathematical Clubs and Recreations. Nashville, Tenn,; S. L Jones 
Co^ 1122 Belvedere Drive, 1940. 256 p. 
Indispensahle for mathematical cluh programs and activities- 



id 

ERIC 



18 



C£N£RAt WOEtKS 7 

JoNCS, S. L Mathematical Nuts, Nashville, Tchb.: S. L Jones Co,, 1936. 352 p. 

A companion volume to Maihtmatical Wrinhltsi contains material from 
trigonometry, analytics, calculus, and physics. 

Jones, S. L Mathtmoticd Wrinhlts, Nashville, Teim,: S. L Jones Co , 1930. 376 p. 
A handbook of problems and recreations; mensuration; fourth dimension; 
quotations; and such. 

JUN£, W. M. Stunts wnh Namberst GameSi and Cards. Syracuse, N, Y.: the author, 
757 Osirom A?e„ 1937. 25^ (Pamphlet) 

Kaufhak, Gerald L The Book of Modern Puzzles, New York: Dover Publica- 
tions, 1954, 188 p. (Paper) 

Kaufman, Gerald L Geometric Verse, New York: Beechhurst Press, 1948. 64 p. 
A unique collection of humorous verse. 

Kaufman, Gerald L, It's About Time, Garden City, N. Y.: Heyday House, 1935, 
16a p. 

Kerst, BnUNO. Mathematische Spiele, Berlin: G. Grote'sche Verlagsbuchbandlung, 
im 90 p. 

KiNNAWD, Clark (editor). Encyclopedia of Puzzles and Pastimes. New York: 
Grosset & Duiilap, 1946. 431 p. 
Contains some 2500 puzzles, many of them mathematical; includes crypto* 
graphs, dissected figures, knight's tours, logics, mazes, magic squares, 
palindromes, and paradoxes* as well as the usual assortment of acrostics, 
anagrams, crossword puzzles, quizzes, whodunits, and such. 

KowALEwSKt G. Alte and neue mathematische Spiele: Eine EinfUkrung in die 
Unterkaltungsmatkematik. Leipzig: Teubner, 1930. 145 p. 

KowALEwSKJr G. Boss Fuzzle und verwandte Spiele, Leipzig: Kohler^s Anti- 
quarium, 1937. 

KraitchiKt Maurice. Mathematical Recreations, New York: W. W. Norton, 1942; 
Dover Publications, 1953, 328 p- 
A classic; for beginners and for experts! chess, bridge, roulette* Russian 
bankr dominoes, cryptograms, and sucb, 

Kraitchik, Maurice. La mathematiques des jetiXt ou recreations maihematiques, 
Paris: Gauthier-Villars, 1900; Bruxelles: Stevens, 1930, 566 p. 

Khaitchik, MAURtcE, Le probleme du cavalief aux echecs. Pahs: Gauthter-Vil- 
lars, 1927, 96 p, 

KhaitchiKt Maurice, Le Probieme des reines (2 parties). Bruxelles: 1926. 
KURTZAHN, T. Die Runen als Heilzeichen, 1925, 

Lee, Wallac£ W. Math Miracles, Durham, N.C.: Privately printed, the author* 
Bolt 105, 1950. 83 p. 

LccminCt Joseph. Fun with Paper, New York: Frederick Stokes, 1939. 

LcEMtNC, Joseph. Fun with Puzzles; puzzles of evtry kind for everybody, , , , 
problems with coinst counters and matches^ brain twisterSt mathematical 
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ntid fiumbfr puzzles* pcfia7 afid papt*r problems^ and such^ Philadelphia arifl 
New York: Lippintntt 1936. 128 p. dnid Bt^iks Edilion* 1949, p. 213. 

Author is a weU-kjiown writer witli many lionks to credit: fun with 

string* with paper* Vfirii mutjk* and isurh, 

Lkemi^c* JostHH* Fun mth String. New York: Frederick Stokes* 1940* 160 p* 

L££M!?iCt JostHK* More Fun uvii i*uziU^s. Philadelphia: Lippincott 1947, 149 p. 

L££M1NC, JosEi>H* 7*^^ Real Book about Magic. New York: Garden City Books* 
Garden City, N* Y. 1%L ^^Mathematical magic/' p. 58-68* 

Lehman* Max* f^tut rmtthemntisch^ SpUU fur die Jugfnd: der geometrische 
Aafbau gttfichsummi^fr Zahlenfigurfn^ Wiesbaden: Scliellenherg* 1932* 
384 p. 

Leopold, JuLtis* At Easel WO Hoars of Fun and Entertainment, New York: Mc- 
Graw Hill, 1943* 

^ varied collection of puzzles and stunts, games and gags — everything 
from mathematical twhter^ to tips on checker playing* from cryptograms 
to match tricks* 

LEoroLU* JtiLES* Check Your Wits* New Yt?rk: McGraw-Hill, 1948, 

A collection of puzzles, brain teas<*rs, number prohlems, tongue twisters* 
and other assorted enigmas* 

Llcks, H. E* Recreations in Mathematics. New York: Van Nostrand* I917t 1929. 
155 p* 

LiETZM^NNi WALTER. Lustiges und Merkwurdigcs von Zuhlen und Formfn. Brej- 
lau, F, Hiri. 192S; 7th ed * GoUingen: 1950* 307 p. 

LiETZM^NN* W*LTEK* Riesen und Zwerge im Zahlenreich: Fiaudereien jiir kleine 
und grosse Frtunde dtr Rtchtnkunst. Leipzig: Teubner, 1932, 
Number giants and pygmies, by a well-known writer on expository mathe- 
ma tics, 

LlETZM^NNi WALTER, §'q sttckt der FthUr? Mathematische Trugschliisst und 
fFarnzeichen, Leipzig: Teubner* 1923* 1950* 182 p* 

LoirLiNi Z, L* AND Heard, Ida Mae, Just for Fufi, Lafayette, La. * Southwestern 
Louisiana Institute, the authors, 1946* 55 p, (Mimeo,) 

Lof<tisTREET, Ji5LiAN* (Pseudonym), See Rulon. P, J* 

LucEY, Roger Martin, A ProbUm a Day, Harmondsworth, Middlesex, England: 
Penguin Books, 1937, 1952, 204 p, 

LucEYt Roger MarTef*, Problem Parade. London* John Clfford* Ltd** 1944, 134 p, 

Maack, FERDiNAPfD, Die Losung des Satorgeheimntss^s, 1926, 

MacHuisdeAn^ Hamish, Yesterday^s i mpossil^lities, GJasgow: Fraser* Edward & 
Co*, 1943* 52 p* 

MacMahon, (Majors P, A* Netv Mathematical Pastimes. Cambridge University 
Press, 1930* 116 p* 

Contains unique recreations related to repeating designs. 
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Mkllo e Souza, Julio Cesar de, 0 Homfm que cclcuiuva: romance^ Rio 
Janeiro: Conquista, 1954* 2Sd p* 
Fiction; mathematical recreations. 

Mellq e Squza, Julio Cesar de. Matemdlica divertida e fabulosa; probUmas 
curiosoSt atifdvtas^ revrea^oes geometncds, frases cflehres^ erros^ disparates^ 
enteUquias^ subtra^es poetivas, tmagens numericcs^ efc> Rio dc Janeiro; 
C. Custa, 1942. 213 

Me^aker, Fred, How Smart Are You? Stimulating and Amasing Puzzles and 
Problems to Test Your fTiis. New Vurk; Sentinel Bvoks. 1935, 63 p, 

Mene^incer, Karl, Ali Baba und die ^9 Kuniele; ergbtdiche Geschichten von 
Zahlen und Menscht^n. Mtinclien und Berlin; R, Oldenbourg, 1941, 130 p, 

Merrill, Helew A, Maihematical Ext-iirsions. Boston; Bruce Humphries, 1933. 
145 p, 

Mi^cellaueous problems; mostly serious, i,e,i illustrating significant mathe* 
matical ideus, 

■VIever, Jerome S, Fun uith .Vatheirmtics. Cleveland St New York; World Pub- 
lisihing Co,, 1952, 176 p. 
Sophisticated and attractive; contains considerable new material, 
Meyeh, Jerome S, Puzzle Paradise. New York: Cro^iiH Publishers, 1946, 126 p* 

Meyer> Jerome S, PuzzU Quiz and Stunt Fun, New York; Dover Publications* 
1956. 256 p. 

MiLtcK* El, Montagffs tnath^matiqu*^5. Paris; Girard. Barrer*; et Thomas, 1947, 

Mitchell. Donald V, Take the Sting Out of Mathemctivs, Seattle* Washington; 
the author. 12345 Sand Point Way, 1953, 

MotT'Smith, Geoffrey, Maihematical Puzzles fof Beginners and Enthusiasts, 
Philadelphia; Dover Publications. Inc., 1955> 248 p. 
Unusually fine collection of mathematical recreations^ well prei^nted, 

MuLLEB> Frit/, ff arum? Frbhlichr Fragen zunt Nachdtnk<'n, ton Fritt Muller- 
Parte nkirchen. Leipzig; L, Staackmann. 1926, 160 p. 

Mi'HRAY. History of Board Oarnes^ exdusivtf of Chess. Oxford University Press, 

NoHDMAT«>t, A. B. One Hundred More Parlour Trivks and Problems. London; 
W, Cardnen Darton & Co., Ltd,. 1927, 

Northrop. Eucewe P, Riddles in Mathematics: a Book of Paradoxes, New York; 
Van Nostrand. 1944. 262 p. 

Paradoxes in arithmetic and geometry; algebraic and geometric fallacies; 
paradoxes of the infinite; paradoxes in probability; logical paradoxes; 
paradoxes in higher mathematics. Sophisticated; scholarly* 

NorthRUP, E, F, Pseud., Akad, Zero to Eighty. Princeton, N, J,; Scientific 
Publishing Co,, 1937, 

Peet> H, E,> ae^d ClapPi F, U Number Games and Stories, Boston; Houghton- 
Mifflin, 1930. 

Perelmaw* L E, Recreational Arithmetic. 6th edition* Leningrad; 1935, 176 p. 
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Peitelman, I. E. Recreational Geometry. 5th edition. Leningrad: 1935. 300 p. 

Phellips, Hl'beht. Brash Up Your Wits. Philadelphia. Pa.: McKay, 1936. 116 p. 

PHtLLiPSt Hl'BERT. Hubert PHiilip^s Heptameron; a Misceflany of Entertainment 
by Hubert Phillips. London: Eyre & SpoUibwoode. 1945. 314 p. 

Phillips, Hubeht. Question Time: .in Omnibus of Problems for a Brainy Day. 
New York; Farrar & Rinchart, 1938. 265 p. 

Phillips, Hubert. The Sf*eek^end Problem Boak. Bloomsbury: Ni>ne±»uch Press, 
1933. 

Phillips, H.; Shovelton, S.; and G. Marshall. Culiban^s Problem Book. Lon- 
don; T. De la Rue & Co.. 1933. 330 p. 

Pollock, Saol. Mathematical Paradoxes and Recreations. Los Angeles, Calif.: 
American As^ociatiun for the .\dvancement of Visual Instruction in Mathe- 
matics. 2512 Vermont A\t.. 1937. \m p. 

PoEVToN. D. Exercises on Stories about Mathematics Land* London & Toronto: 
J. M. Dent & Sons, 1927. 

Ponton, D. Stories about Mathematics Land. Book^ I & H. London & Toronto: 
J. M. Dent & Sons, 1922. 1927. 

PHOsKAUEn, J. Puzzles for Everyone. New York: Harper & Bros., 1944. 176 p. 

BAi>E^3ACHi;it, H<NS.» Fon Zahlen und Figuten: Proben mathematischen Oenkens 
fur Liebhaber der Mathematik: ^lUsgewahlt und dargestellt von H. Rade- 
macher und Otto Toplttz* Berlin: J. Springer, 1930. 164 p. 

Rademacheh, Hans and Toeputz, Otto. The Enjoyment of Mathematics. Prince- 
ton* N. J.: Princeton University Press. 1957. 204 p* 

Ransom. William R. One Hundred Mathematical Curiosities. Portland, Mftine: 
J. U'eston Walch, Publisher. Box 1075, 1955. 212 p. (Paper) 

Miscellaneous well-known mathematical paradoxes, puzzles, tricka, xecreA* 
tions* and curiosities. 

RbiCHhfANN, W. J. The Fascination of Numbers. Oxford, England; Blackwell*^, 
1957. 

Elementary number theory; digital roots and recurring decimals; magic 
si)Uares; number curio^ties; p^udo -telepathy. 

'Rithmetic of the Purest Kind: 200 Tricky Problems with Answtrs; Tricks of 
Figures That You Can Do^ Combining Recreation with Education for Young 
and Old. New York: Emer^n Books, Inc., 1939. 27 p* (Pamphlet) 

RoHHTtoucH. Lynn. Puzzle Craft; plans for Making and Solving 40 Puzzles in 
ffire^ Wood^ and String. Delaware, Ohio: Cooperative Recreation ServiccT 
"Kit U;* 1930, 1932. 25 p. (Pamphlet) 

Interesting dissection and other manipulative recreations. 

Row. T. Sundara. Geometric Exercises in Paper Folding. Chicago: Open Court 
Publi^^hing Col. 194L 148 p. 

Roz^A. PtTtR. Das Spiel »ut dem Vnendlichen. Mathematik fur Aussertstehende. 
(Translated from the Hungarian). 1955, (n. p.) 
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RuLOw, P, J* Brain Teasersi or, HurdUs for the Menial Athlett, Boston: C 

Page h Co,. 1932, 250 p, 
Saiste*Lacue, a. Avec de$ nomhres tt dts Hgn^s, 2nd edition* Paris; Vuiberl* 

1942* 358 p* 

Sai^te-Lague, a* Geomelrie de situation H jttix, Paris: Gauihier-ViDara, 1930* 
75 p* 

Sample, Anna E* Fifty \'umhcr Games for Primary Children, Chicago: Becklcy- 
Cardy, 1927* 

Sankord, Vera* The History and Significance of Certain Standard Problems of 
Algebra, New York: Teachers College, Columbia Uni\-ersily, 1927* 102 p* 

SAUERHERmc, Db* Puracuidas, 1929* 

Schubert, Hermann* Mathematische Mussestunden, Eine Sammlung von Gedtilds* 
pielen, KanststUcken and Vmerhalttingsatijgaben mathematischer /Vafwr* 3 
Vol* Leipzig: 1900; Berlin: 1935* 

ScHUti, Fred* onderlijke Problemen* Leerzaam Tijdverdrijf Door Puzzle en Spel, 
Zulphen, Netherlands: W* J, Thisme & Ge, 1943* 334 p* 
Amusing instruction through puzzles and play* 

Sloane, T* 0*; Thompson, J* and Licks* H* Speed and Fun tvith Figures, 
New York: Van Nostrand, 1922, 1939* 

Smith* Arthur. The Came of Co, Rutland. Vt.: Charles E* Tuttle Co** 1956. 
220 p* (Paper) 

Comprehensive treatment of the national game of Japaiit 

SpabHawk, Norman P* Numbergrams, Boston; The Van Press, 27 Beach St*, 
Boston, Mass* 1932. 50 p* 

Sperling, Walter* Denkspiele ftir kluge Kbpfe; knifflige Aufgaben aus der 
Mathematik^ Arithmetikt Geometries u,s,w* Zurich: A* Muller, 1940* 270 p* 

Sperling, Walter* Kuriose Probleme der Aritkmetik^ Geometries Mathematik^ 
Optiks Physik; fur grosse und kleine Denker, BerDn; Scherl, 1936* 95 p* 

Sphinx: A Magazine Devoted to Mathematical Recreations, 173 Ave* W* Church* 
iU, Brussels: Belgium* 9 Vol* 193M939* 

Steinhaus, Hugo. Mathematical Snapshots. New York: Oxford University Press, 
1950* 266 p* 

A unique collection of interesting mathematical facts* expository and 
recreational material* 

Storme, Peter and Stryfe, Paul* How To Tortare Your Friends, New York: 
Simon & Schuster, 1941* 170 p. 

Delightful assortment of brain twisters, puzdes, faUacies, tricks, quizzes, 
and quips, attractively presented* 

Strauss, Alfrej:** Deutsche Cabbala; Zahlenmagie der Namen, Leipzig: 1929* 
79 p* 

Strehl, Simon* FrdhUche Wissenschaft, Nuremberg: Willmy Verlag* 1941* 
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Stuyvaert. M, La Boss^ des Mathtmatiquti. Gaud; Van Hy&selberghe & Rom- 
bant. 1927. 

SuESS, Dr. Tht Omnibus Boners, New York: Vikmg Press, 1931. 

Thebault. Victor. Les Recr^afions. Mathemtttiques, (Parmi les Nombres Cu- 
rieux). Paris: Cauthier-Villars. 1952. 297 p. 

Tkavehs. James. Pu^^Ung Posers, Lyndon: George Allen & Unwin, 1952. 80 p. 
They ^JT Puzzle Omnibus, London : Vawser & Wiles, Ltd. n.d. 
Several small tracts bound in one; tr. 19S3. 

VathiOuant. S. Les Math^mmiq^es Recreathes et VEns^ignertxent, Bruxelles; 
Librairie du '^Sphinx," 1935. 

Ventkess, H. E. Mathematical Paziks and Problems, Washington Information 
Bureau* 1927. (Leaflet) 4 p. 

White* Wm. F. A Scrap-Book of Elementary Mathematics: Notes, Recreations^ 
Essays, Chicago: Open Court Publishing Co.* 1908, 1927; 4tli edition, Lon- 
don: 1942. 248 p. 

Williams, W. T. awd Savace. G. H. The Pengain Problems Book, New York: 
Penguin Books. 1940. 156 p. 
Colletrtion of 160 provocative inferential and mathematical problems* and 
100 word problems tat-rostics. anagrams, word squares, and such). 

WtLLiAMs. W. T. AftfD SAVAGE. G. H. The Setond Penguin Problems Book, New 
York: Penguin Books. 1944. 467 p. 

WiLLEAMs, W. T. AND Savace* G. H. The Third Penguin Problems Book, London: 
Penguin Books. 1946. 

U'iNTEfl. F£8D[NAWD. Oos SpiH dtfv 30 bunten ^ urjel, Leipzig: Teubner 1934. 

Wolff, Theodor. ^ie Idchelnde Sphinx: yon grossen und kleinen* von ersten und 
heiteren Problemen^ Prag: Academia Verlagsbuchhan dicing, 1937. 312 p. 

Wolff, Theodok. f'om hchenden Denken: etn Bach von Wundem and Pro- 
blemen, Berlin: A. Stherl g.m.b.h., 1931. 268 p. 

Vt'oLFF. Theodok. Ovr Wettlauf mit der Schildkrote: geldsie und ungeloste 
Probleme, Berlin: A. Scherl g.m.b.h.. 1929. 383 p. 

Wyatt, E. M, Paz4es in Wood, Milwaukee: Bruce Publishing Co.. 1928. 64 p. 

Wylie. C. R., Jr. iOl Pazzles in Logir and Thought, New York: Dover Publica- 
tion^ Inc., 1957. 

Zei^s, Ehwjc^. Zahlen^auber, Wien: Kommis&iottsverlag Rudolph Lechner & Sohn, 
1934. 62 p. 



K3 Periodical Literature 

Anniwg. Norman. New plants on old problems. M, T, 45:474-75; 1952. 
Anmmc, Norman. Socrates teaches mariiematics. 5. 5. M, 23.-581-84; 1923. 
BaksTi Aaron. Magic of ma t hem i'. tics. Science Digest 10:34-38; 1941. 
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iJAKST, A. Recreational mathematics. T. 43:347, 416.17; 1950. 

BAKKArx, S. H. Puzzle instinct in teaching mathematics. BuHttin of Hi%h Points 
12:6970; 1930. 

Barnes, A. Making mathematics^ interesting. A/. T. 17:404-10; 1924. 

Bentley, ByaON. Recreations for the mathematics club. 23:95-103; 1930. 

Bercen. M. C. Misplaced mathematical recreations. S. S. M. 39:766-68; 1939. 

BnAcfDESf L. C. Math. be ^"ti: tricks, puzzles, wrinkles raise grades. Charing 
House 25:75-79; October 1950. 

BnANtJi^t L. G. Recreational mathematics as it may be used with secondary 
school pupils. 5. S. A/. 54:383-93; 1954. 

BRANDESt L. G. Recreational mathematics for the mathematics classrooms of our 
secondary schools. S. 54: 617-27i 1954. 

Bhan[>£S* L. G. Recreational mathematics materials in the classroom. California 
y. of Secondary Education 28t$1»5$; Jantiary 1953. 

BiiANtJES. L4. C. Using recreational mathematki? materials in the classroom* ^» 
46:326 29* 336; 1953. 

BR\^D£!>t L. G. Why us;e recreational mathematics in our secondary school mathe^ 
matfcs classes? S. 5. /l/^ 54:289-93; 1954. 
Bibliography. 

Bhown, Elizabeth. Old wine in new bottles. A/. T. 47:414i 1954. 
BnowN. L M. Adventures of an Jt. Open Court 28:529^37; 1914. 
CAJoni, F. Absurdities due to divjsltm by zero. M, T. 22:366*68; 1929. 
Carwahan, W. W. Host. 5^ S. .1/. 28:604-608i 1928. 

Crawfohd. Alma. A little journey to the land of mathematics. A/. T. 17:336-42. 

DiNTRtftr, E. J. Brain tea^ers in uniform. Popular Science 143:89+; 1943. 

DbeSstLER. H. Bin matliemati^her Scherz untf seine didaktische Verwertung 
^V. f/. 44:16; 1913. 

pAtJiMAN^ Clu »on. Party of One. Ifofiduy : Ju]iuary 1957. 

"Fallacies." Tht Pentagon 2:26^27; 1942. 

Gardner. Martin. Mathematical Games. 5ce. Am^ 196:138+* January 1957; 
152+, February 1957i 160+. March 1957; 14, 166+, April 1957; 150+, 
May 1957. 

Giles. Catherine. Not mathematically minded. Journal of Education 117:63*64; 
l934w 

H\LL. Arthur. U<ing matheniattciil recreations in the junior high school. 
48:484-87; 1955, 

H^RTswicK* F. GliKuiHY. Thi^ \iu/A\u^ world. Esquire. May 1935. i>. 86. 137. 
Has^l^r. J. 0. What price enrithmeutV T. 34:243 47; 1941. 
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HiLDEBHANDTr £. H, C Mithemiticil gAines, «tunts, and recreiUoDs, Am, M, Mo, 
47:236^39; 1540. 

Hove, E. Marie. A numerical test. The Pentagon 7:33-35; 1947. 

Hubert, C. La defen«e« des recreations mathematiques. La Nature 58:130; Part 
2, August 1930, 

Jablop40W£R, J, Jabb«rwocky was ^ lark, or the mathematician takes a holiday. 
T, 26r302-306i 1933. 

Johnson, Donovak and Olander, Clarence, Mathematical games baild skflU, 
M, r 40:292-94; 1^7. 

Kaeapetoff, V, The way logarithms might have bc«n discovered even though 
they weren't. Scrip, M, 12:153-59; 1946. 

Kaufma^i, Gerald Lynton, Ceo-motric verse, Saturday Review of literature^ 
October 12, 1946. P- 22, 

K^MPi^ER, A, J, Paradox in nature and mathematics, Sd. Mo, 37:207*17; 1933, 

Kempner, a, J, Remarks on "unsolvable"' problems. Am, M, Mo, 43:467*73; 
1956, 

Lautrcc, C, de, Mathematique et philosopMe: considerations d'tm humoriste, 
Mercure de France 162:69a99; March 1923, 

Leacock, 5, B, Human interest put into mathematics, M, T. 22:302*304; 1929, 

Lloyd, Mary, Mathematical recreations. The Duodecimal Bulletin 3:25*26; 1947, 
4:13*17i 1948, 

Mahnke, D, a^td Pacel, W, Origins of mathematical mysticism, IsU 37:131*33; 
1947, 

^'Mathematical Recreations," M, T, 11:177-81; 1919, 

'The Mathematical Romance of Poly*l* and Ray*2-," The Pentagon 6:25-26; 
1946, Also, Am, M, Mo, 43:41; 1936, 

'The Mathematical Saga of Linnie R, E, Quashun," Am. M. Mo. 46:234235; 
1939, Also, The Pentagon 5:19*21; 1945, 

"Mathematics Demonstrates It Still Appeals to Youngsters" Business JTeek^ March 
31> 1956. p, 2425. 

Meeks, Anna, Recreational aspects of mathematics in the junior high school, 
M, T, 29:20-22; 1936, 

Miller, M, H, Test your common sense. Science Digest 29:55-57; March 1951, 

MiLWER, F, Mathematics and fun, St, Nicholas 55:15*18; 1927, 

MoRLEYr CHRISTOPHER, Bowting Green, Saturday Review of Literature 15.12-13; 
1937, 

MoRLEY, Christopher, Mandarin and mathematics, Saturday Review of Litera- 
ture 10;147; 1933. 

Nf,v. R. Mind. Running around in circles. Scrip, M, 20:92^95; 1954, 

Interesting discussion of why men and animals move in circles when dc* 
prived of vision. 
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NewHall* C Recremtions in secondary matliemutfcs. S. 5. 15r277-93; 



NiKSt Ruth H* Gmtsroom expcrieiKts witli rei reatjonal uritlimetir. Th** Arirh- 
m<rtic Teacher 3:90^93; 1956. 

NoRRiSt HuB^. The \m£zies antl other r«creatNmal aids m the leachini; of 

mathematics. Buthttn* Kansas Assoc. Tchrs, Math. 22r55-56; April 1948. 

Parker* Jean. The use ot puzdes in teaching mathematics. T* 48.218-27; 1955. 
Bibliography. 

PetarDi. a contribtition to the mathematical theory ot big game hunting. Am. 
M. Mo. 45:446-47; 1938. 

Pierce. Martha. Mathematical recreations. T. 19J3-24; 1936. 

PoRTEA. H. B. Eflect of recreations in the teaching of mathematics. School 
view 46:423-27; 1938. 

*'Quick Trick Mathematics." Lilerary Digest 46:1058*1059; 1913. 

Badges, C. and Van Sanyen* W. Problems for recreation* 5* 5. M- 34r87*90; 
1934. 

Read, C. Mathematical fallacies. 5. S. M. 33^585-89* 977-83; 1933. 
Read, C. B. Mathematical magic. S. 5. M. 37r597. 650, 847, 919; 1937. 
RouHnS, £. Ptirsuit of zero. M. T. 17r365*67i 1924. 

SaUekbrei, M. a. Mathematical recreation. High School Clearing House 5r373-74; 
1931. 

ScHAAFt L* Mathematical ctirioslties and hoaxes. Scrip. M. 6:49-55; 1939. 

Schaaf, W. L* Some curious mathematical tracts. Scrip. M. 20:209-12$ 1954. 

ScHULTEt M. L. ExtraM^uixicular mathematics activities In secondary school. M* T. 
33;32^; 1940. 

SHaw, Jau£S Byrnie. Hovt \lice made Pi Mu Epsilon. T. 20;344-48; 1927. 

SuuLHAN, David. My all-time favorite puzzles. Esquire^ May 1947. 

Simons, Lao G. Place of the history and recreations of mathematics in teaching 
algebra aiid geometry. T. 16:94-101; 1923. 

Slocum, Jerry. Making and solving puzzles. Science and Mechanics 26^121-26; 
October 1955. 

Miscellaneous puzzles* some of them of matbematical kind. 
Smith, Jessie R. Cross-figure puzzle. M. T. 47:30-31; 1954. 
Smith, Jessie R. Cross^figure puzzles. 5. 5. M* 45:576-78; 1945. 
"Some Fun for the Mathematically Minded." 5d. Am. 150:42-43; 1934. 
"Stirvival of the Mystical Mathematician." Current Opinion 65:376-78; 1918. 
TADATCHrfiK, Joshua. A spiral scale of square roots. Scrip* M. 5:260-62; 1938. 
TaITLor^ G. M. p. Matbematical recreations. School (Secondary Edition) 27 



1915. 



94; 1939. 
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Taylor* Helen. The mathematics librarv recreational programs. S* S. M, 
30:626-34; 1930. 

Titjci;t C. W. Holiday gret;ting^ fri>m Uitrty ^.rambled niatliematician^. S. S. 

VtSTt L* T* Modernize vvur algebra! Texa^ Outlook 14:49*50; 1931. 

Wkavkr, Warren. Lewis Carrollr Mathematitian. 5ci* 4m*. April 1956. p* 116 2B* 

WEiNtR. M. From interest to interest 4/. 30:23 26; 1937. 

White* W. F* Alice the wonderland of mathematics. Op<f/i Court 21:1121; 
1907. 

WiANKOt F. H. Mathematical recreations. School (St^condary Edition) 27:677-81; 
1939. 

1.4 Mathematics Club Programs; Plays 

Adler, Irvjnc. Fun with mathematics: an assembly program* T. 42:153-55; 
1949. 

Interestiug skit involving tricks ^ith numbers. 
Adler, Irving. Theory aud practice. 4/. 7^.41:218-20; 1948. 

Brief skit involving the binomial probability distribution. 

ACiNEs^ (Sister) Anne. Archimedeans. M. T 47:366-67; 1954. 

Bentley. B. Recreations for the mathematics club. 23:95*103; 1930. 

Bernstein, S» and Reiner* H. Mathematics club paper. High Points 17;68; 1935* 

BocEN« Isidore^ Mathematics in life. High Points 31:73 79; 1949. 

Braverman. Benjamin. The in a mathematics assembly program. High 

Points 29:64-69; 1947. 

Broavn* I. Mathematical t.]ub in a girl^' school. Jonmai of Bducaiion {England } 
38:556; 1916. 

Chertoff, I. A suggested program for a high school mathematics meetiug. 5a/- 
letin. Assoc. of Mathematics Teachers of Nt^tc Jersey^ February 1945. p* 
15^18. 

CoNLEY* M. Mathematics club. Catholic Schools Journal 39:56; 1939* 

CoHOLLL. C. M. Colorful Mathirmativs Teaching. Portland. Maine: J. Weston 
Ualch. Publisher. P. 0. Box 1075. 1957. 190 P^ 
Contains five practical mathematics plays. 

"Directory yf Mathematics Clubs in Colleges and Universities of the United 
States and Canada.** >^/7j^ A/. Jl/o* 43:420^31 ; 1936. 

Esmond. R. V. Magic letters— TV— and magic squares. T. 48:26-29; 1955. 

FjSHERt Genevieve. A mathematical assembly program. BuSetin^ Kansas Associ- 
ation of Muthemtitics Teachers 20:5-7; 1945. 

^'Hatland: A Mathematics Play/* S. S. 14:583^87; 1914. 
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Ckcknhkimkr. F. Mathematics clubs. S. S. A/. 16^791 92; 1916. 

CucLE* Marie. Recreational values achieved through mathematics clubs in sec» 
ondary schools. C. 7. Af^ First Yearbook* 1926. p. 194*200. ^tlso, M. 7. 
19:21418; 1926. 

CuLDEc** M. Mathetnatics club program. 7. 17:350 58; 1924. 

Hatches, Frances. A living theorem; a class day program. S. S. 16:39*40; 
1916. 

Hatton* M. Mathematics club. 7. 20:39-45; 1927. 

HoAC> Sources of program material and some types of program work which 
might be undertaken by higb scbool mathematics clubs. 7. 24;492502; 
1931. 

JoBE. T. Types of programs and needed library equipment for mathematics clubs. 
Teachers College Journal 5:95-98; 1933. 

Ka!*lan, Morris. Monroe Surveyor's Club. High Points 22:55-56; 19^10. 

KlotZi C. Mathematics dubs for high schools. School Activities 21:59 61; 
1949. 

Lehmann* Paul. A math circus; an assembly program. 5. S. A/. 47:560<63; 1947. 

Leventhal* B. E. The evolution of a mathematics assembly. Bulletin, Association 
of Teachers of hfathematics of the City of Setc York^ A^ 7. M. 6:17-19; 
1952. 

Mackenzie, E. G. Builder of an enquiring mind. 7. 48:109 11; 1955. 

* A Mathematical Dr. 1. Quiz em Program." 7. 45:30-33; 1952. 

•^Mathematics Clubs.** Am. A/o. 47:312-17; 1940. 

Mullen* F. The math star. Chicago Schools Journal 19:16972; 1938. 

NewhalLi C. High school mathematics club. Educational Review 29:515*22; 
1905. 

Newhalu C. Secondary school mathematics club. S. 11:500509; 1911. 

NucE\T. M. Guide ior the conduct of high school mathematics clubs. Teachers 
College JoarnaL Indiana State Teachers CoUegt 10:136; July 1939. 

Parsons* C. Work of a junior mathematical association. A/. Gaz. 19:65^72; 1935. 

Perso\* R. Junior high school mathematics dubs. 7. 34:228 29; 1941. 

PntLLiPSi K. Junior high school mathematics club. High School Journal 13:68*71; 
1930. 

PoRTERFiELD. Jacob. Fun for the mathematics club. T. 37:354-57; 1944. 
Price, V. Mathematics clubs. M. 7. 32:324; 1939. 

RanuccIi E. R. Mathematics and the assembly program. The ^ew Jersey Mathe^ 
mattes Teacher 8:4-6; February 1952. 

Reed, Z. High school mathematics clubs. 7. 18:341 63; 1925. 

Refior* S. Mathematical clubs in the high school, A/. 7. 15:434-35; 1922. 
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Rl'SSEL, H. Mathematics clubs. M. T. 17:283^85, 350 58; 1924. 
ScHAAPi W. L. Mathematical plays and programs. M. T. 44:526^28; 1951. 
Annotated lUt 50 plays and pageants about mathematics. 

ScHLOSSER, J. Meeting the chaUenge of v<>uth through mathematics club pro- 
grams, bulletins, and procedures. New Jersey Associution of Mathematics 
Teachers^ !940 Yearbook, p. 24^29. 

ScHORi Harby. a mathematics assembly program. T. 47:476 78; 1954, 

Shocsmith* B. Mathematics clubs in secondary schools. 5. 5. 16:106^13; 
1916. Alsot School Review* January 1917. 

SttRmERt W. 0. Purpose and value of mathematics clubs. Teachers College Joar^ 
rial 5:92 94; September 1933. 

Swell. C. Mathematics clubs in high school. T. 8:73-78; 1915. 

SOHMEa, j. W. Mathematics club is interesting! School Activities 27:95*97; Na^ 
v^mber 1955. 

Stephens* H. W. Mathematics dub for future mathematicians. S. S. 54:715*18; 
1954. 

Steward. M. Mathematics club of the Pontiac High School. T. 23:25 29; 
1930. 

SuLL1vA^, 0. A. The high school mathematics club. T. 35:275 76; 1942. 

SwEEDLER* E. Mathematics club at Curtis High School. T. 29:394s 1936. Also. 
High Points 19;62 64; February 1937. 

Taylor* H. Mathematical library and recreational programs. S. S. 30:626-34; 
1930. 

"Thirty Topics for a Mathematics Program.'* S. S. 27:170^71; 1927. 

VAUCHNt Adah. Professor Whiz and bis class in math magic. S. S. 39:540-45; 
1939. 

\S EBSTEB, U Mathematics club. W. T. 9:203-208; 1917. 

Weiss* M. Math club— streamlined. High Points 21:74-77; 1939. 

Wheeler, A. Mathematics club program.il/. T. 16:385-390: 1923. 

White, A. Mathematics club of Western High School. Baltimore Bulletin of Ed- 
ucation 4:163; April 1926. 

Williams. A. j. Organizing a mathematif^-s f.lub. ^/. T. 49:149 50; 1956. 

1.5 Mathematics and Philately 

BoYER. Carl B. Philately and mathematics. Scrip. M. 15:105*14; 1949. 

' The Hamilton postage slamp."" Scrip. M. 10:213 14; 1944. 

Hoaro^r. C. W, Scientists on postage stamps. 5. 5. M. 48:445 48; 1948. 

jOHNH^w, R. \. AWD .Archibald. R. C. Postage stamp or coin portraits of mathe^ 
maiicians. Scrip. 1:183-84; 1932. 
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Larscn, H. D. M&thematicis^ and pbilately. Am* M* Mo. 60:141^; 1953. 

Larscn^ H. D. Mathem&tics on stamps. T, 48:477 80; 1955. 

Larscn, H. D. Mathematics on stamps. M, 7*. 49:395 96; 1956. 

ScKAAF^ W. L. Philately and mathematics—a further Dote. T, 49:289-90; 1956. 

1*6 Mathematical Contests 

''Algebra Baseball Game." 7*. 23:317 20; im 

BoucKN, E. Mathematical contest. 5. S. 17:329-30; 1917. 

BnAvcRMAN* BErfJAMm. The quiz in a mathematics assembly program. High 
Points 29:64-69; 1947. 

Chipman, Hope. A mathematics qutz program. 7*. 46:537-40; 1953. 

Clarke^ E. H. Prize problems for pHze students. 7*. 23:30-34: 1930. 

Dechazia. J. Quiz; math is fun. Science Digest 24:26-29; July 1948. 

EocEitTorf, H. A.; Brjtt^ S. H.; and Norman* R. D. Later achievements of male 
contestants In the First Annual Science Talent Search. American Scientist 
36:403-H; 1948. 

FfiLTCES, E. M. Planning a mathematics tournament. T, 43:268-70; 1950. 

"Fifth Annual William B. Orange Mathematics Prize Competition." Mag, 
29:77-82; 1955. 

FaiCDMApt, B. A mathematics tournament. S,S, M. 42:523; 1942. 
Grossman, H. Against mathematics teams. High Points 18373; 1936. 
""Interscholastic Mathematics Contest." Secondary Education 4:160; May 1935. 
Koch, E. Mathematics contests. A/. T, 9:179-86; 1917. 

KocB, E. AND McCoRMtCK* T. Mathematics relays for high schools. S. S* M. 
16:530-36; 1916, 

LloVi>i Damcl. The national status of mathematics contests. ^- 49:458-63; 
1956. 

Lloyi>, Daniel. New mathematical association contest. M, 7*. 48:469-72; 1955. 

'Xos Angeles City College Mathematics PHze Competition." M, 7*. 45:54 ff-; 1952. 
Af. r. 46:536 ff.; 1953. M, r.47:129ff-; 1954. T. 48; 585 ff.; 1955. 

''Mathematics Contest of the Metropolitan New York Section of the Mathematical 
Association of America." Am, Mo, 57:657; 1950. 

Mayor, John R. Pi Mu Epstlon contests and awards. M* T, 43:193-94; 1950. 

Mayor* J. R. Recommendations on contests and scholarships. M, 7*. 42:297; 1949. 

Mayor* J* R. Would contests and scholarships contrihute to increased interest in 
mathematics? M, 7*. 42:283-89; 1949. 

McRfttLL, Helen and Stark, Marion. A mathematical contest. Am, M, Mo^ 49: 
191-92; 1942. 
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Moore, Lillian* The challenge of the hright pupil. M. T. 34:155*57, 194L 
Radoi Tibor. On mathematical life In Hungary* Am. Mo, 39:85*90; 1932. 
RoHERf J* New form of st hool contests. Educational RevUw 57: 33 9*45 ^ 1919. 
ScHOttLiNC Mathematical contest- 5,5. M. 15:794-97; 1915. 

^'Stanford University Competitive Examination in Mathematics*^* Am. A/. Mo. 
53:406-409; 1946* 

Also, subsequent years; gives annual examination ciuestions* 

Tacers^troMi T* H. Fonrth annual matheoiatjcal contest sponsored by metropolitan 
New York section of the Mathematical A^isoclation of America* M. T. 47:211* 
12; 1954. 

Walker, Helen* A mathematical contest* A/. T* 20:274-79; 1927. 

WiENLR* M. From interest to interest. M.T. 30:23*26; 1937. 

"The William Lowell Putnam Mathematical Competition." Am. M, Mo, 45:64-66^ 
332i 339; 1938* 

Also, subseqnent years; gives examination qnestions, except for 1943*45. 

1.7 Mathematical Models 

Allard^ N. M. Individual laboratory kit for the mathematics student* M, 7* 47: 
100*101; 1954. 

BarAvAllE) H* Demonstration of conic sections and skew curves ^Jlh string models. 
M, 7* 39:284^87; 1946* 

Berceb, E. J* Elliptical bUliard board* M* T. 43:405*406; 1950. 

BergeR) E. J. Model explaining how latitnde may be determined by making ob- 
servations on Polaris. T. 47:405*06; 1954* 

BergeRi E* J. Model of a circular cone with a variable axis* M, f* 45 :441*42; 1952* 

Berger^ E. J* Model for giving meaning to superposition in solid geometry* M, T. 
47:33*35; 1954* 

Berger, E. J. Model for visualizing the Pythagorean theorem* M, T* 48:246*47; 
1955* 

BbrgeR) E* J. ModeU ^or teaching inAoite series to high school students* M, 7* 
47:101*105; 1954* 

Berger. E* J. Tetrahedron with planes bisecting three dihedral angles. M, 7* 47: 
186-88; 1954. 

Bergman, Stefan. Models in the theory of several complex variables. Am, M* Mo, 
53: 495*501; 1946* 

BoYtR, L. E. The Dandelin spheres. M, 7* 31:124-25; 1938* 

Briot. C aivd Boi yi ]£T* J, C. Lemons df Geometrie Anntytiqu^. Pari^: Librairle 
Ch* Delagrave, 1893. 

A comprehensive exposition of the Dandelin spheres. 
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BuRC, W. Demonstration of inter sett ions. A'. M. M. 13:192-93; 1939. 
Cah^ah^w. Walikh. Illu!>tratjny conu- sections. ^'. 5. A/- 4S:313'14; 1945. 
Carnahan, Walter. A variable parabola demonstrator. T, 44:32; 1951. 

CaIiLfield, a. String Models of Certain Mathematical Configurations, Nashville, 
Tenn,; George Peabody College for Teuchtrr^, 193S, 
Unpublished Master^s thesis. 

OoiiRANT, Richard. Soap film experiments with minimal surfaies. Am* M, Mo. 
47:167-74; 1940. 

CiiiNDY, H. M, AND Rollett, .\. P. Mathffmutuol Models. New York: O/ford Uni- 
versity Pr^ss. 1952- 240 p. 

CuisO:^^, 0- W, MathematiL*al Models- EncYclopaedia Brit<innicat 14th edition. 
15:72-75; 1939. 

DvcK. Walther. Katalog Matfitrniattscher and matfu^mutischphysikatiscfier Mo, 
dett^, Appantttf und tn^trum^nl^. Muntuh. 1892-93. Vol. I. 430 p.; Vol. II, 
135 p. 

Calculating ntJi^hiii^^: ^Ude ruEe^; instrument;: ^nd models for higher 
nmthemati^>; me^'hanical devi^'t:;; for drawing curves; etc. 

Elliott, C. MoMs to lUusuate the fmndatiojts of MathetjtutUs. Edinburghr 1914. 

Emch* AriNold, Muthtftnatkat Models, Urbana: University of Illinois Press. {Four 
paniphEcts: n.d.1 

Dt:'Si;ription of ^trint; iiiodt:ls of surfaces of higher niathetnatks. 
EwiNC, G. An optical illustration of conic ^eclionei. 5. 5. M. 38:276-77; 1938. 

Gjebel, Anfertigung matk^matischer Modtflle. Leipzig: Teubner, 1925, 52 p- 

Include^ polyhedron;^ ^'lemcntarv surveying instruments* pantographs, slide 
rules; also^ in^^trunients for showing variation of angles and circles, and of 
parts of a right triangle. 

IUl^4Ll^* W, L. Casting geometric solids in |ilastcr-of-(>aris. M. 48:329; 1955. 

Hard. Benjamin. Mathemaiienl Models. Nashville^ Tenn,: George Peabody College 

for Teachers, 1935. 

Unpublished Master's thesis. 
HAw*THOR^'E^ FRANK. Frequency distributions with ^^hot. 5. S, A/. 51:394*95; 1951. 
Hawthorne, Frank- A mod^l of the conic **aions. 5. 5- M, 51:299-300; 1951. 
Hembnway, L, D. Optical method for demonstrating conic ejections, Af. T* 46:428- 

29; 1953. 

HiLDEBRANDT* C. EriCeugung konfokaler KegeWhnitte mit Hilfe des Dandelinschen 

Satzes* Z. M, V, 35:4^56; 1904. 
HoRLOLtRT, E. H* A simple optical device for demonstrating the conic sections. 

5. 5, M, 41:828-31; 1941. 
Jarlojvuwkr* J. ^NU Ba-^ch, A- Dinu*nsion iheorv and dimension models* Am. M, 

Mo. 43:215-L>.S; 1930. 

Jt7HANM-:ssoN, J. Die BeJeutiing des MuJells m Matheinattk, NaturwisseiiMrhaft 
und Technik. forsrhungen und FortSf:hritte Vol. 18. 1942. 
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KARAPCTOFFt Vlaoimir, Device for demonstrating the properties of a vunple 
permutation group. Am. M, Mo. 45:516-19; 1938, 

KcitsT> B, Zur Verwendung der Dandelinschen Kugebi, Z. M. /V, U. 49:265i 1918, 

LiPKiw, E, Ein Model! zu den Satzen des Ceva und Menelaus, Z, M. /V, U. 52:258; 

mi, 

Macim, E, Bemerkung zu den Dandelinschen Kugein, Z, /V, 47:23^ 1916, 

Olamdea* C, Model for visualizing the formula for the area of a circle, T. 48: 
24Si 1955, 

pLASTEitEitt E, Demonstration apparatus for the composition of two simple hap 
monic curves, S, S, 34:424-26; 1934, 

Platt, J, Models as aids in calculation, American Journal of Physics 13:53; 
194S, 

RciCHCL^ Walter, Mathimatischer Wtrkanttrricht: Ein« Anleitung zur Herstell^ 
ung und VerWendung einfacher inathematischer Modelle fur Lehrer und 
Schiller, Leipzig: Quelle und Meyen 1914, 

Riccst Wm, F, Stereoscopic harmonic curves, S, S, 24:29^i 1924, 

Saupe, Ethel, Paper model for solid geometry, M. f, 49:185^; 1956, 

Saupe* Ethel, S/mple paper models for the come sections, T. 43,42 44; 1955« 

ScHACHT, John, Modclsof loci, f, 47:546-49^ 1954, 

Schilling^ MARTtN, Catalog mathematischer Modelle fur den Aofteren iruufte* 
matischen Unierrkkt. 7th edition, Leipzig: Verlagsh and lung von Martin 
Schilling, 1911, 172 p. 

Very complete source of materials. 

SiEGELt JOHAMNES AMD KftESSMER, Hans*Eogar, KugelKlappModtUt, Leipzig: 
Martin Schilling Verlag, n,d, 1^ P* 
Discussion of models of spherical triangles. 

* Soap Films Automatically Solve Problems in Higher Mathematics," Lift Maga^ 
zine 12:118; March 16, 1942, 

Struyk, Adrian- Geometrical representation of the terms of certain series and 
their sums, S, S, M. 37:202 08^ 1937, 

SiRtrYKi Adrian, Three folding models of polyhedra, M^ T. 49:286^; 1956, 

Whitman* E, A, The use of models while teaching triple integration. Am. M. Mo. 
48:4S-48i 1941, 

Wiener, H, a^d Treutiein, P, Abhandlang zur Sammlung maihematiscktr Mod^ 
Hie. Leipzig: Teubner, 1907-1912, 

WiLLERDtNG, M, F, ModeU <>f solids of known parallel cross section, 5, 5, M. 51: 
617: 1951, 

WiLLRR^, H, l^atenthiiUen ""Sphinx* zur Herstellitng mat hem at isc her kristallogra, 
phi^cher und anderer Modelle, Z, M. /V, IK 59:363 ff i 1928, 
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1.8 Mathematical instruments 

BAJCA^pALL, David. Catalogue of the Collection in the Science Museum^ South 
Kensington; with descriptive and historical notes and illustrations. London: 
H, M. Stationery Office, 1926, 

BAJCA^DALU David. Mathematical Instrumetits. Encyclopaedia Britannica, 14th 
edition. 15:69-72; 1939. 

BAJCA^DALL, David* Mathematics, I. Calculating Machines and Instruments, Lon* 
dun: The Science Mu^euoi* South KenMngton, 1926. 85 p. 

DvcKt WALTHtn* Kuudo^ tntiikrmutist:her und mathcttiatinch-phy'Aikiilischer Mod' 
elle^ Apparate und Instrumente, Munich; 1892* 430 p* Supplment, 1893, 
135 p* 

Galle, Apidreas* Die mathematischen instrumente. Leipzig; Teubner, 1912, 

Gu^TJ^ERt Robert, Early Science in Oxford. Pan II: Mathematics, Oxford Univer- 
sity Prt^=:*. 1922, 101 IK 

Descriptions of early scales and pr Chirac tors* druwing instrument!;;, elliptiral 
trammd?, mea^surint^ instruments, micrometer^i quadrants* slide rules, etc* 

GupiTHER, Robert, Handbook W the Museum of the History of Science in the Old 
Ashmolean Buildings Oxford, Oxford University Press, 1935* 

GnwTHER, Robert* Historical Instruments for the Advancement of Science, Oxford 
University Press, 1925, 

HoR^BURGti, Modern Instruments and Methods of Calculation* London: G, 

Bell ^ Sons, 1914. 343 p* 

Jop*E5, P, S* Napier*s and GenaUle's rods. M, f* 47:482-87; 1954, Also, 48:250; 
195S, 
Bibliography. 

Mecmel, Henri, L'art des instruments de mathematiqu4.s en Belgique au XVl'^ 
siecle. Bulletin de la Societe Royale d\4rcheologie de Bruxelles No. 2; 1935, 
p, 65-79* 

Michel, Henri, Introduction a Vetude d^une collection d*insintmentcs mcicns de 
mathematigues, Anvers: De Sikkel, 1939* 111 p* 

Unu^^ual essays on early mathematical mstruments, 
MeoREt E. L* Carpenters rule; aid in teaching geometry* M* T. 46;478; 1953* 
Pinette, L. K* Proportional dividers, M, T* 4a;91-95; 1955, 

Bibliography, 

RdOt^E, A, Die Geschichte dej wissenschaft lichen Instrumente vom Beginn der 
Renuissunce bis zum Ausgang des IB. Jahrhunderts, Leipzig; Klinkhardt & 
Bieruiann, 1923, 

Smith* D^\eu Cdtuftipje ot Madit'znuijt jI Itt'^truitit^tits, Thr Industrial 

Museum of Nctv York 1;58^ 1930, 

Smith, David Euc&ne, Gift of hi^sturiiaLmutliemutic-uI insirunieut^ to Columbia 
University. Science n.s, 83;79-80; 1936, Alsu, School and Society 43:31344; 
1936* 
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Stark, W. E. Early forms of a few common instrument*. S. S. M. 9r871*74; 1909. 

SvERf Henry W. A classfjication of math^matica] instruments and sources of their 
pictures. /V. C. T. M. IBth Yearbook, 1945. p. 194^203. 

WtLLERS. F. A. Matkemattscke Instrumenie. Berlins Dc Cruyter, 1926. 144 p. 
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printed, Edwards Bros., Ann Arbor, Mich.. 1943. Bibliography, p. 245-64. 

WtLLERs* F. A. MothtmatUcht Maschinen und tfistrnmentc. Berlin r 1951. 318 p. 
Wood, F. Sectors compasses. A/. T. 47r535-42^ 1954. 
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WoOdby> L, G. Angle mjrror^ teui^-^hing device for plane geometry. T. 47v71-72; 
1954 

1*9 The Abacus 

Adler* J. So you think you can count! Mag. 28r83 86; 1954. 

Candy* Sw Did the Arabs know the abacus? Am. 34r308*16; 1927. 

CooDfticH* C. The abacus in China, his 39:239 (Part 4) ; 1948. 
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Co.. 1950. 27 p. 
Iyer. V. R. The Hindu abacus. Scrip. AL 20:53-63; 1924. 

Jenkitis. 0- Larry and the abacus; a story. The Arithmetic Teacher 1:21*24; 1954. 
Jones. P. S. Ftnger reckoning and other devices. M. T. 48rl53 57; 1955. 
Bibliography. 

KsoTT* C. G. The Calculating Machine of the Eastr tiie Abacus. In Horsburgh, 
Modern Instruments and Methods of Calculation^ a Handbook of the Sapier 
Tercentenary. London: C. B^H & Sons, 1911. p. 136 54. 

KoJMA. Takashi. The Japanese Abacu4: Its Vse and Theory. Rutland* Vt.r 
Charles E, Turtle Co., 1954. 102 p. 

La£AR. Nathan. The Abacounterr a device for teaching concepts and operations 
refatini^ to integers and fractions* Supplementary Educational Monographs, 
No, 70. Chicago: University of Chicago Pr^ss* 1949. p. 87 100. 
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Lyy.. W. 0. ll*** swdn(»aii. iiuifi'tin^ Maf )otk SttU** iSonrty uf Certified Public 
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LoY. WoftG Do. How to use an abacus. Popular Science 153r86»89; Augu^^t 1*J48. 

LOY* Wong Do. How to Vse the Chinese Abacus. Washington* D. C: Ley's 
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43:277; October 1954. 

Spitzer, H. Abacus iii the teaching of aritKmetic. Elementary Behcet I^usnal 
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Chapter 2 



II^HE COMBINED ages of Mary and Ann are 44 years^ and Mary is twice 
I as old as Ann will be when Ann is three times as old as Mary was 
when Mary was three times as old as Ann. How old is Ann?^' The 
question: Uovo old i$ Ann?^ has long since become a household byword; it 
is known to have been asked as early as 1789. 

Many of the popular puzzles and recreations which fascinate the multitude 
are mathematical in nature — and a large part of these are arithmetical or 
algebraic. The range of subject matter^ so to speaks of this large body of 
problems is truly amazing. In ancient and mediaeval times there were the 
ever-present problems of the cistern, the courier problems, the God-Greet-You 
problems, the lion-tn- the -well problems, the time-of-day problems^ and the 
testament problems. In mediaeval times, to be sure, emphasis shifted some- 
what toward commercial problems: interest and usury, discount, insurance, 
coinage, exchange^ weights and measures, and related matters. 

In modern times, many of these old problems reappear in new guis^. Of 
course^ some new ones have been added. Like women's fashions, they ap- 
pear to be subject to whimsy and caprice. Twenty-five years ago^ problems 
of the *'engineer-firenian-brakeiiian" type were in vogue. In turn, there 
would seem to be a revival of interest in a succession of classics: the monkey 
and the coconuts; the bumble bee flying hstk and forth between the radiators 
of two approaching automobiles; the prolific bacteria ^d the half-fill^d jar; 
and so on and on. At the moment of writings the public fancy has been 
regaled with the egg problem of Victorian New England: Three boys^ A, 
and went to sell their eggs. A had 10 eggs^ 6 had SO eggs^ and C had 50 
eggs. They each sold their egg? at the same rate, and received the same 
amount of money. How much did they sell their eggs for? No, it's not im- 
possible. 

2*1 General Arithmetical Recreations 

BAKi>T, AiSRON. How the number magician do^s it. Mathematics: Its Magic and 
Mastery. New Vorlc; .Van Nostrand, 1941. p. 150-57. 
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B^LL. W. W. R. AKO CoxETEtt, H. S. M. Arithuietka] Retteaticns. Mtithenuuical 
Recreations and Essays. London ^ Mmmrllan. 1942. p. 2 75. 

BekmAn> W. E. Originalrty in arithmetit;. M. T. 48:495 96; 1955. 
Examples of the SEND MORE MONEY type. 

BtRt^et&Y. EoMurfD C. & Assoceates. Nuntbles: Number Puzzles for N'unbf^ 
Minds. Report No. P25. 815 Washington St.. R136. Newtonvrlle, Ma^;*.; E. C. 
Berkeley & Assoctatest Pablishers. 31 p. 

An unusual t;ollfction of the SEND MORE MONEY type. 

BnANOts, Loois 0. A CoUection of Cross^Number Puzzles. Portland, Maine: J. 
We&toa Walch> Box 1075. 1957. 226 p. (Teacher s edition) 

Bha^dkisi Louis G. Construoting the common cro>^ number puzzle. 5. 5. M. 57:8V» 
97; 1957. 

Bmanpicoumt, v. Curiusite njath(^matique. La Mature 62:324; 1934. Part 1. 

CuLLi^St A. F. No^v^ >oij can have fun ^vith hgures. If orld Review 7:109; 1928. 

CoLLT^s> J. V. PeRetitage paraJijxes aiiJ peculiarities. Journal of Education 79: 
347^48: 1^14, 

CoLTUR, Awn. You too can be a mathematical genius. Esquirt, January 1957. p. 58, 
119^20. 

Short cuts for multiplying large numbers; the Trachtenbetg system. 

Diccm*;* J. E. Dessert for seventh ^graders. Af. T. 47:365 66; 1954. 

DiNTttUFF, E. J. Tritks with figure*. Popular Swnce 143:93 ; 1943. 

Eve, a. S. Dizzy arithmetic; when numbers talk. Atlantic Monthly 135:165 70; 
February 1925. 

FLYrfrfi Florence. Mathematics games: adaptations Irom games old and new. 
Teachers Colhge Record 13:399412; 1912. 

FoURftEY, Emile. Recreations arUhtnetiques. 8th edition. Pads: Vuibert, 1947. 
261 p. 

"Fun with Answers." A'tfU^sit^e^' 24:10+ ; November 4, 1944. 

*'Fun with Figures." Hewsweek 24:87+ ; October 28. 1944. 

*'Game3 as Mathematical Problems.'^ Spectator (London) 111:13233; 1913. 

CardneRi Mahtin. Mathematical games: a new kind of magic square with re* 
markable properties. 5c/. Am. 196:13842; January 1957. 

GrNsBunC* Jekuthiel. Geometric progression as recurring seriej. Scrip. M. 21:303; 
1956. 

GustafsONt G. B. a simple device for demonstrating addition and subtraction in 
the binary number system. M. T. 47:499-500; 1954. 

Ha^er* Wendall. Mathematics takes ^ holiday. M. T. 39:86; 1946. 

Heath. Royal V. Infiation in the m>r\t] of numbers. Scrip. M. 19:195; 1953. 

JEHBERTt A. R. Think (^f a number. 5. 5. M. 44:624-28; 1944. 

KELLYt F. G. Are you good at figures? Collier's 74:28; 1924. 
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Kebst, B. Geduldifpiele. Z. /V, V. 50;21 1 ; 1919, 

LawcEi Lester, In mathematicif too: linger anii learn. 5, A/, 53;47883; 1953, 

LiEBEB, G, AND LiEBEK. L, Strangc tricks with figures- Science Digest 16;25' 
27; July 1944, 

"Magic of Numbers," Popular Mevkarucs 59;25K53H-; February 1933, 
MahKham, a. Aftermath; a classroom game. 5, 5. 49:31-32; 1949, 
Mathews. R, The magic number cards. 5. S. M. 13;819-20; 1913, 
McKennev. Ruth. Proof by nine. Sci Atn., October 1952, 

MErfDELSOHrfi N, S, A psychological game. Am^ Mo. 53;86-89; 1946. Also, The 
Pentagon 5;?l ?2; 1946, 

MoNTCOMEnY. E. W, Arithmetic pujcailes for junior grades. School (Elementary 
Edition) 29;809; 1941. 

MoKKis, Richard. Some products and ratios— a recreation. 5, 5, jl/, 36;837-45; 
1936. 

N[E¥, Ruth H. Classroom experiences with recreational arithmetic. The Arithmetic 
Teacher 3;90'93; 1956. 

NoiiTHftOP. EtTCEr^E, Arithmetical Paradoxes. Riddles in Mathematics. New York; 
Van Nostrand, 1944. p. 20-46. 

NOBTHBOP. Eugene. Algebraic Fallacies. Riddles in Mathematics. New York; Van 
Nostrand, 1944. p, 77*96, 

Nti^KO, FnANZ. Die Wanderzahl 142857 and andere geheimmsvolle Zahlenwunder ; 
einc matht^matische Spielerei. Wien; Briider Hollineki 1952. 139 p, 

NvcA AftD. P. H, Odd and even— a game, T, 49;397-98; 1956, 

OciLVV. C.S How old b Ann? M. T.31;125; 1938, 

O'Neill, V. Number fun at borne. I'olta Review 57;257-59; June 1955. 

Oppeht, KujiT. Rechenspitfle in Sexta. Z, M. l^. U. 61;392-400; 1936, 

Raster. Alkheda, Mathematical games. 3/, T, 17;422-25; 1924. 

Rf.ad, C. B, Fun and fat-t with figures. Bulletin. Kansas Associtttion vf Teachers 
of Mathematics 1^:^2*34^: December 19W 

Hkau, C, B. Mathematiral tallacie<i, 5. 5, 33;58S-89; 1933. 

Rt:icHMA«Ni W, J. The fascination of Numbers. Oxfordi England; Blackwell's^ 
1957. 

Contains chapters on magic square^i number peculiarities, and other mathe* 
matical recreations, 

BicH. F. M, Fun with arithmetic processes. American Childhood 20;13*14; 1935, 
HjcKakus. J(Hi:^ F, C BrK'-'^itfrtf s Pythuj;t»rcau game- Scrip. ,W. 12;177-217; 1946, 

,\ iMh Ct'Miury tleMription nf an ancient Creek ^atne <»f Tiumbers known 

J'i HythmoniHt hia. 

\hcti\u\v^. JoiiN F, C ,A new manuscript c*f a r^thmnmacliia, 5V/ip. 9;87*99.. 
16*^83, 256-64; 1943, 
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Salzer. H, E, Theorem on certain types of games* with applications. Scrip. M. 
11:18788; 1915, 

SAWYtH, W, W/fhc tcame of Owate. Strip. 1/, 15;159'61: 1949, 
ScHAAK* W< L* The magic of compound interna, M. T. 48;488'89; 1955. 
Ctirio^ties ba^ed on the value of (1 + A')^< 

Selkin* F< B< Numher games bordering on arithmetic and algebra. Teachers Col- 
Ifgt Record 13:452-95; 1912, 

Smith* D, £, And Eaton^ C Ritlimomachia^ the great medieval numher game. 
Teachers CotUge Record 13;413'22; November 1912, 

Smith* E,, et al. Number games and number rhymes. Teachers College Rec- 
ord 13:385-95; 1912, 

Steinway, L, S, Experiment in games involving a knowledge of number. Teachers 
College iJecor^f 19:43 53; 1918, 

Weiner, L, M, Take a number, M. T. 48:203; 1955, 

WhitloCk. Louis, A race that cannot be *'fixed," Scrip. 20:102- 1954, 

WiLLERDiNG, Margaret F, Review the fundamental processes; the cross,number 
puzzle, S, S,itf, 54:51-52; 1954, 

WmcHTSTdNE, J, W, Have you a knack for numbers? Test your mathematical 
judgment, American Magazine 136:64+ ; November 1943, 

2.2 Specific Problems and Puzzles 

A, Binory Gom«i — Nim 

BalLi W, W, R, and Coxeter, H, S, M, Game of Nim, Mathematical Recreations 
and Essays, London: Macmillan* 1942, p, 36-40, 

BouTONi C L, Nim: a game with a complete mathematical theory. Annals of 
Mathematics 3:35-39; 1901^2, 

Condon, E, U, The Nimatron, ^m, Mo, 49:330*32; 1942, 

HiRSCH, Martin, An example of the method of duplation, T, 44:59i; 1951, 

Grossman. H, D, and Kramer, D, A new match game. Am, A/, Mo, 52:441-43; 
1945, 

King, Gilbert W, Information, 5ce, Am, 187:132-48; September 1952, 
Larscn, Harold D, Dyadic arithmetic. The Pentagon l:14-29i 1941, 

Discussion of binary notationi with applications to the Russian peasant 
method of multiplication* the Chinese ringSf and the game of Nim, 

McIcvTYHE, D, P, A new system for playing the game of Nim, Am, M* Mo, 49: 
4446; 1942, 

MiLHoLLAND, JoKW, Card sorting and the binary system, M, T, 44:31214; 1951, 
Moore, E, H, AnnaU of Maihematia 11:90-94; 1910, 
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''Ntm/' Oklfthoma UnivfTsUy Math Letter Vol. 5, No. 1- September 1955, p, 4, 
' Nim/ v. I t;21fi; 1940- 

UittMi (IvUiMtiNK. Some Jjifilrr^tttons uf ibp Jtiriaiy sVsl^in. The Srut Jersey 
Mfitlntmitiis Ti-iii'hii V;*J-14; Ortobrr 

Km (t r* Tlte*KJhie uF Nim. Ant. .1/; ^l/o, 50:435; 1943. 

KEontFKLm K^VMos^D, A macliine fur playing like game of Nim, Am. Mo, 55; 
34:J-49; 1948, 

RiOE!4oun, L, N, Mechanical brams, 39:109*18; 1949, 

Applicatton of binary notatiun to the mathematical theory of the game of 

S^NKOKD* Veha. Notes on the history of mathematics, T, 44:29-30; 1951, 
Recre^ttiunul applications of binary notatiun, 

ScoHtEi, OttiT^DYt AND S,METH, Somc binary games, M, Gaz* 28:96 103; 1944, 

B, Colendor Problems 

oWuTREMoNT, Louts Duodecimal perpetual calendar, Tht Daodeeimal BulUtin 
5:1, 

S\hU W. W. K, AWD CoxETEH, H, S, M. Mafhematieal RccreatUns and Essays. 
London: MarmiUan. 1942. p. 26-27. 

Bkadley, a. Day, The day of the week for Gregorian dates. Scrip. M. 21:82-87; 
1955, 

Canaday, E, F, What day of the week was it? M. T, 29:75-77; 1936. 

Chkistense^) E. a^d Mayall, N, To calculate days between two dates, Seienct 
122:561-62; September 23, 1955, 

CuTHBEttT, W, R. Days for Dates. Alhambra^ California: the author, 1944, 31 p, 

"Day of the Week Corresponding to a Given Date," Popular Asirorwrny 54:439* 
40; 1946,55:55; 1947, 

Franklin. Philip, An arithmetical perpetual calendar. Am. M, Mo. 28;262; 1921, 

Hilton* I. J. What day is it';^ S. S. A/, 23:825-30; 1923, 

HoECK, JoHw. Formula for finding the day of the week, M. Mag. 25:55; 1951-52. 
HuMESToN* K, L. What day is it? S,S, 26:841-44; 1926, 
JoNKs*H. I, What day is it? 5, 5. M. 23:825-30; 1923. 

KimTtHik\ M. Matbtriuariral Recreation*;. Ntrw Yurk: W, W, Norton. 1942. p, 
109-16. 

Licks. H. E, Recreations in Mathetnatic^. New York: Van Nostrand* 1929. p, 
117-21. 

Miller, G. A, Odd method for determining the year of birth. School and Society 
121106-107; 1920. 

MoBBK. Frank, The theory of perpetual calendars. Am. M. Mo. 28:127-30; 1921, 
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RuNMiMC, T, R, ReUtidna inherent in the Gregorian calendar, 39:168-71; 
1946, 

RrDZEWSKtt A, How to tind the day of the week on which any day of any year 
falls, and also how to determine the Easter Day for many years. Popular 
^wronamy 7:416-20; 1899, 

Sholand£R, Marj-ow, a geometric perpetual calendar, M, Mag. 25:275-77; 1951- 
52, 

Smiley, M. F. When is Easter? M. f , 40:310; 1957. 

Spillhan, W, J, Formulae giving tlie day of the week of any date. Science 51: 
513-14; 1920, 

Vail, W, H, Uncle Zadock's rule fvr obtaining the dominical letter of any year 
Am, M, Mo, 29:397-400; 1922, 

Walker, G, W, Easter reckoning made ea*iy, PoptUar Astronomy 52:173-83; 1944, 

WhitC. C, E, Method of finding the date of Easter without using a table, Poptt- 
tar Astronomy 35:37-39; January 1927, 

Wylie, C, C, On the rule for leap year. Science 123:544-45! March 30^ 1956, 

C, Cottle Problem of Archimede* 

Bell, A, H, On the celebrated "Cattle Problem" of Archimedes, The Mathemat- 
ical Magazine 2:16^-64', January 1895, 

HeatHj T, L, Diophantus of Alexandria: A Study in the History of Greek Algt' 
bra, 2nd edition, Cambridge. 1910, p, 11. 12* 121*24, 279, 

Heath, T, L, Tht Works of Archimedes, Cambridge, 1897, p, xxxlv.jocxv, 319-26, 

KRUMQiECELf B, Das problema bovinum des Archimedes, Zeitschrift fiir Mathe' 
matik uttd Pkysik, hist, literar, Abteijung 25:121*36. 153-71; 1880, 

LtCKS, H. E, Recreations in Mathematics, New York: Van Nostrand, 1917. P- 
33-39, 

Merrimam, M, Cattle problem of Archimedes, Popular Science Monthly 67;660- 
65; 1905, 

ThohaS* Ivor, Selections Ulustrating the History of Creek Mathemctics, Cam- 
bridge; Harvard University Press, 1941, Vvl, 2, p, 203*205, 

D. The ladder Problem 

Anmnc, Norman, New «lanu on old problems, M, T, 45:474-75: 1952, 

Arnold, H, A. The crossed ladders, M, Mag. 29:153-54; 1956, 

Xrossed Ladders," Problem No, 35, Matherttattcs News Letter 8:65-68; 1933, 

"Ladder Problem,^* Problem No, ,S67, /V, A/, A/, 19:205-207; 1945, 

'^Ladder Piohleni," Problem No. 32, The Pf^ntagon 10:98; 1951, 

Problem E210, Am, M, Mo, 43uS42-43; 1936, 

Problem E433, Am, M, Mo, 48:26&69; 1941, 
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Problem No* 2116. 5. 5. 49:244^; 1949* 

Struyk> Adrian* Crosied Udders in an alley* T. 4S:&8*59; 19S5* 

Yates. R*C* The Udder problem* 5.5. A/* 51:400-401; 1951* 

E* the Twdv«*Coin Problem 
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Crosshair. Howard* Generalization of the twelve-coin problem* Scrip, 12: 
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CrossmaNi HowAttD. Ternary epitaph on coin problems. Scrip, M, 14:69-71; 
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Kaplansky, T. A^o RiohdAn, J. The probleme des menages. Scrip* M. 12:113-24; 
1946. 
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MoEssMER. Alfred, Peculiarities of triangular numbers. Scrip, M, 20:2l2; 1954. 
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Thlbault* VictoK' Number curiosities. 5mp, 13;234» 238; 1947, 
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TrIcc, C, W, Playing with the digits of 1954. Scrip. M. 2a;168; 1954. 

Trjgc* C, W. Sub factorial oddities. Scrip. 20;I42; 1954, 
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BftoOKS* E, Philosophy of Arithmetic, Lancaster, Pa,; Normal Publishing Co,, 
1910. p- 460-85. 

CLAibHKH* j. W. L. Circulating ttcciniaU Ntsiun 1^:208-209: January 2. 1879. 

Cbunb^Um, HijCO. Digits of [>erMMli4: tiecinials, bVr//*, M, !6;18?i; l%t), 

CUTTWAWi S- On cycWi: numbers, Am^ ^t- ^to, 41;l*i9-66; lv34, 

Kapr^kar* D, K, Cydes vf fiMirrirt^ Uciimidn, (2 Vol,} Oro»int;eii, Holland: 
P. Noordhoff* Ltd. 

Gives structural properties of period numbers, including peculiarities never 
before published, 

Larsc^i, H- D, An Ariihnu^tic for Colieg^s, New York; Macmtllan, 1950, p- 152- 
54. 

Mitchell, Donald, £ndle»s numben: repetends, S. S. M, 55:509-15; 1955. 
Nyca^rik P- H- Repeating dei.imal3. T, 31:310-21; 1938. 
"Problem No. 448." Am. M. Mo, 23:212; 1916. 
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**Remarks on Repeating Decimal Fractions." Am, M, Mo, 49:511; 1942. 
Trifp. M. 0. Periodic decimal fractions. S, S, At, 19:110 13; 1919. 
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White, W. F. Scrapbook of Eltmentary Mathematics, Chicago: Open Court Pub- 
lishing Co.. 1910. p. 11-16. 



Lightning calculators, or so-called mathematical prodigies, have appeared 
from time to time, catching the public fancy. Such persons, although often 
illiterate, seemingly possess astonishing powers of mental computation. Most 
of them are relatively youthful; generally they are self-taught, and usually 
they do not retain their powers of calculating. Nearly all of them have had 
phenomenal memories for numbers. As a 'rule, calculating prodigies are 
unable to give a satisfactory explanation of their methods. 

Among the more famous mental calculators were Jedediah Buxton^ Thomas 
Fuller^ Ztrak Coiburn^ George Bidder, and J* M. Zackarias Dast. They are 
not to be confused with the occasional mathematicians who exhibited ex* 
traordinary aptitude for elaborate mental calculations, such as John Wallis^ 
Andre Marie Ampere, and Carl Friedrich Gauss. 

AppUtojCs Cyclopedia of American Biography-* 1888. Article on T. H. Safford* 



Vol. 5. 

Archibald^ R. C. Arithmetical prodigies. Am, M, Mo, 25:91-94; 1918. 
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Vol. 2. 

Dudceo;^, H. W. and HUhSTt H. E. Arithmetical pr^Jdigy in Egypt f^nture i33;578- 
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"'Explanation oi Arithmetical Precocitv.** Scientific American Supplement 66r27; 
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GARFJSOCf, W. B. Unsolved mysteries of die mind. Coronet 25:169-71; February 
1949. 

GradcnwjTZ, a. Remarkable arithmetician. Scientific American Supplement 64\ 
93; August 1907. 

**Great at Aritlimelic is the Subconscious Mind.** Literary Digest 88r50 52; March 
1926. 

GrEEnE, Taste for figures. Xew England Quarterly 26;65-77; March 1953. 
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52 



ERIC 



ARITHMETICAL AND ALGEBHAIC RECRKATIONS 41 

Kecley, T. M. Warren Colburn, Fenbody Journal of Education 25:19-26; 
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B. G, Ttfubner. 1913, 195L 48 p. 
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65:391; June 1908. 
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MoBius, P. J. Ober die Aniage zur Mathemntik, Leip^dg: Barth, 1900. Refereuee 
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Mi^LLKH, G. E- Zur Analyse der Geddchtnistatigkeit und des Vorstellungsverlaufes 
Leipzig: 1911. 

'*Negro Mathematical Ceniu'ii.*' Literary Digest 46:971.72; April 26, 1913. 

'^Numbers Game." .U. Mag. 26i43; 1952. 

Brief reference to Sliakumala Devi. 20-year old Hindu woman, who cun 
extract mentally the 20th root of a 42-digIt number, or multiply numbers 
yielding a 39-digit product 

''Numbers Game'* Time 60:49; July 14, 1952. 

"Prodigious Failure.'* Time, July 31, 1944. p. 60<62. 
Reference to W. J. Sidis. 

RtGNAtax, Jules £mile Josbpu. Les calculateurs prodiges, Vart de jongler avec 
les nombres (Ulusionnisme et calcul mental), Paris; Payot, 195i 547 p* 
Bibliography, p. 476-82. 

RoBEHTSo^l F. Super quiz kids of math. Science Digest 29: 55-58; June 1951i 

Scripture. E. W. Arithmetical prodigie*. American Journal of Psychology 4:18- 
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Smith, L. A. Number wizards baffle science. Science Digest 35:13-16; May 1954 

Smith, W, G. Notes on^the special development of calculating ability. A Handbook 
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WtiNLAM>, J. D. A^u ScHLAUcHi S. Examination of the computing dbility of 
Mr. Salo FinkelAtein. Journal of Exptrlmtntat Psychology 21:382-402; Oc- 
tober 1937. 

"Wizard Qf OOOfc/" Lift Magazine 32:65; February 18, 1952. 
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21 minutes. 

Zacharias, Da5£. Aafschliissf and Frobtn seiner Leistung^n als R^ch^nkiinstl^ 
mitgfthfilt vojt ihnt sMst aus seinent Aibutn. Berlin; 1856. 

2.5 Theory of Numbers — Factorizations — Primes 

The origins of modern number theory are to be found in ancient Greek 
ariikmtiika^ which was a philosophy of the nature of number rather than 
the art of calculation; jt was far more abi^tract than Greek geometry. Certain 
questions concerned the Greeks very much; the relation of primes to com- 
posite numbers; the number of primes; polygonal and solid numbers; amica- 
ble numbers; perfect numbers; Gematria; and such. 

With the decline of Greek mathematics, progress in number theory lay 
dormant until about a century and a half ago. With the work of Gauss, 
about 1800, there began the extension of the cont'ept of number and the 
generalization of arithmetic, a series of developments in which the greatest 
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Euler, Lagrange, Kunimer, Dedekind, Kronecker, Galois, R. Lipschjtz, A. 
Hurwitz, Emmy Noether, and L. E. Dickson. 
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MtLLEit, G, A, A few classic unknowns in mathematics. Set, Mo, 1:93-97; October 
1915, 

MtlLER, J, C, P, Large primes. Eureka 14:10> 11; 1951, 

Mellea, J, C, P,, AND Wheeler, D, J, Large prime numbers, Ncturt 168:838; 
1951, 

MoESSNER, Alfred, A variation of tbe Tarry Escott problem. Scrip, M, 20:239; 
1954, 

NiCOL, H, Sieves of Eratosthenes for the determination of series of prime num- 
bers, Saturt 166:565-66; 1950, 

Ore, Oysteen, Number Theory and Us History, New York; McGraw-Hill, 1948, 
370 p- 

Numbers hnd number theory hav^ a fascination for laymen as well as for 
professional mathematicians; this book is suitable for botb groups. History 
and exposition are skillfully interwoven in a clear and interesting book, 

Pisa, PeoRO, A remarkable bigrade, Scrip. M, 20:213; 1954, 
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""Prime pairs Problem of Euclid Is Solved." Science 1(K>:X0; August 25, 1944. 
AlsOt Scitnct News Ie/f«r, 46:142; August 26, 1944. 

Reid, Constance. Perfect numbers. ScL Am, 188:84-66; March 1553. 

Brief, but good. 
RoBEBT. HL C. Multigrade equations. Scrip, M, 15:258; 1949. 

Steinman, D. B. a secoad ^uel to Entostbenes. Scrip, M, 22:79-80; 1956. 
Concerning the theory of prime numbers. 

Struyk, Adrian. Diophantine recreations. 5. S* 35:269-72; 1935. 

Swallow, K. P. The factogram. M, T, 48:13-17; 1955. 

Describes a device similar in purpose to Eratosthenes' sieve. 

Thallman, M. H. a sequel to Eratosthenes. Scrip, M, 16:106; 1950. 

TrOst, Ernst. Primzahlen, Eietn^nU der Mathtmatik von hohtrtn. Standpunkt cut, 
Vol. n. Basel. Stuttgart : Verlag Birkhauser. 1953. 95 p. 
Contains a wealth of material; bibliography of 33 items. 

Uhler, Horace. A brief history of the investigations on Mersenne numbers «nd 
the latest immense primes. Scrip, 18:122-31; 1952. 
Bibliography. 

Uhler^ H. 5. Full values of the first seventeen perfect numbers. Scrip* M, 20;240t 
1954; 

Uhler, Horace. Miscellaneous hints for and experiences in computation. Scrip 
M. 16:31-42; 1950. 

UsPENSKY, J. V. AND Heaslet, M. A. Elementary Number Theory, New York 
McGraw-Hill 1939. 

VANDivERf H. S. Divisibility problems in number theory. Scrip. M, 21:15-19; 1955 

Whitlock, W, p. The Diophantine equation ^' + 2^ = C + Z)*. Scrip, M, 17 
84-88; 195 L 

Wright. Harry N. Firsi Course in tht Theory of Numbers* New York: Johr 
Wiley, 1939. 

2.6 Perfect Numbers — Mersenne's Numbers 

A number is said to be perfect if it equals the sum of all numben that 
divide it except itsell Thus the first two perfect nunibers are 6 and 28, since 
6 = 1 + 2 + 3, and 28 = 1 + 2 + 4 + 7 + 14 Euclid was able to 
prove that any number of the form 2^^ (2^ — 1) is a perfect number when- 
ever 2^ — 1 is prime. Prime numbers of the form 2^ — 1 are (cnovm as 
Mersenne numbers. 

For upwards of 2000 years* only 12 perfect numbers were known, namely* 
thos<fc for which the values of p in Euclid's formula are % 3, 5* 7, 13* 17* 
19* 31* 61* 89* 107* and 127. In recent years, with the aid of high speed 
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eWtronic computing machines, Jive more perfect numbers have been found, 
the largest, or 17th, being 2'=" (2«<' —1). 

Archibald, C Mersenne's numbers. Scrip, M, 3:112-19^ 

Archibald, R. C Perfect numbers. -^m. Mo. 28:14041; 192L 

Barkeri C B. Proof that th« Mersenne number Mm is composite, BuUttin^ 
American Mathtmmcat Society Sl:389; June 1945, 

Bfrnhard, H, a. On the least possible odd perfect number. Am, Mo* 56: 
628-h; im 

Brown, Alan I- Multiperfect numbers. Scrip. M, 20:103 106; 1954, 

Brown* B, H, A new pair of amicable numbers. Am, Mo. 46:345; 1939, 

Carmichael, R, D, Multiply perfect odd numbers with three prime factors. Am. 
Mo, 13:35; 1906, 

Cramer, G* F, Extension of a theorem of Servais on perfect numbers. Am, M, Mo, 
48:133; 1941, 

DiCKSorf, L, E, Perfect and anucable numbers, ScL Mo* 10:349-54^ April 1921, 

EscoTT, E, B, Amicable numbers. Scrip, M, 12:61-72; 1946, 

Frae^kel, a. a. Perfect numbers and amicable numbers, Scrip, M, 9:245-55; 
1943, 

FRAftgofi. M. Ausone et le premier nombre parfait, tsis 42:302-303; 1951, 

FRANQorf, M, Ausonius's riddle of the number three. Speculum 18:247-48* April 
1943, 

FaANQUi, B, AND Garcia, M, 57 new multiply perfect numbers, Scr*p, M, 20:169- 
271; 1954, 

Garcia, Mariano, A general izattoD of multiplying perfect numbers. Scrip, M* 19: 
209; 1953. 

Gupta, H, Two more perfect numbers. Am, M. fio, 42:163-64; 1935, 

L£H»E^ D, H, On Lucas's test for the pdmalft/ of Mersenne^s numbers, Jourrud^ 

London. Mathtmaxicd Socitty 10:162-65; ;935, 
LiETZUANNi Walther, Lustigts and MtrkwOrdigts von Zahltn and Figurtn, 

Gottingen: 1950, P- 170-85, 
Deals with the relations of binary notation to perfect numbers. 

Mason, T, £. On amicable numbers and their generalizations. Am, M, Mo. 28: 
195-200; 1921, 

PouLET. P, Do nouveaux amlablea. Sphinx 4:134-35; 1934* 

PoULET, P. La Chasse aux Nombrts. Fascicule I, Parfoh Amiables et Extensions. 
Brussels: 1929. 

PoULET, P, 43 new ctiuples of amicable numbers. Scrip, M, 14:77; 1948, 
Powers* R- E, The tenth perfect number. Am, M, Mo, 18:195-97; 1911, 
Putnam, T. M, Perfect numbers, ^m, Mo, 17:165; 1910. 
Reid, Constance, Perfect numbers. Sc*, Am, 188:84-865 March 1953, 
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THEBAUtTi Victor. On numlrers which lerminate perfect squares. M. 7. 47:34fi' 
49; i%4. 

ToucHARD* jA<:(/u>;s. Oil prime numbei*^ antl |>erfecl numhcrs. SrriP. M. 1*):35- 

Uhlkh, H. S. ¥\Tst proof lU^t the Mersenne number Ma: is compose. Froi:ti:d* 
ingst National Academy of ScUnc^s 30:314*16; 1944. 

Ublcr, H. S. Full values gf the first seventeen perfect numbers. Scrip. A/. 20: 
240; 1954. 

Uhlcb* H. Note on the Mersenne numbers Mn: and Mm. Bulletin, American 
Mathematical Society 52:17B; February 1946. 

Uhleri H. S. On Mersenne^s number Mm and Lucases sequences. BaHetin^ Amer- 
ican Mathematical Society 53:163-64; February 1947. 

UHLEftt H. S. On Mersenne's number Mm and cognate data. BaHetm^ American 
Mathematical Society 54:378-80; April 1948. 

Uhi.£B, H. S. On the 16ih and 17ih perfect numbers. Sen?. M. 19:128-31; 1953. 



27 Fermat's Last Theorem 

The great Fermat tbeoremt stating that the equation -j- y** = z^^ where 
n is an arbitrary integer* has no integral solutions for integral values of n 
except when it — 1 and n — 2^ is as interesting today as it was some 300 
years ago when first enunciated by the great master oi number theory. De- 
spite the lure of a prize of 100,000 marh offered shortly after the turn of 
the present century^ all efforts to find a complete proof have thus far been 
fruitless. And yet Fermat claimed that '^he had found a really wonderful 
prooft only the margin of his book was too narrow to accommodate it/* To 
be sure, the theorem has Heen shown to hold for exponents below 100^ but 
that IS scarcely a mathematician's dream ol success. 

Incidentally, Fermat's alleged proof plays a significant part in a contem- 
porary mystery noveK Murder by Mathematics* by Hector Hawton (London: 
Ward, Locks Co., 1948K 

"A $25,000 Priie for a Mathematical Solution of the Fermat Formula.** ScL Am., 
February 1, 1908. p- 75. 

"A Proof Worth ^*25,000." Literary Digest, June 29i 1912. p. 1341-42. 

Bachmann, p. Das Fermatische Problem. Berlin; 1919. 

Bale^ W. W. R. and Coxeter, H. S. M. Mathematical RecreaUons and Essays. 
London: MactniUan, 1942. p. 69-73. 

Beckeb, H. W. Comment on the F. L. T. round table: H. M. Ma^. 29:123-25; 
1955^. 
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Becker. H, Proof of F, L, T, for all fvfti powers, Af, Afag. 28:297-98; 1954-55, 

CabmichaEl. D, Diophantint Analysis. Nfw York; Jalin Wiley. 1915, 

Elston. Fred, The Ust theorem of Fermat not only a prohlem of algebraic analy* 
sis but also a probability problem? Afrtg. 28;150'52; 1954-55, 

Fraenkel, a, a, Fermat's simple and last theorems. Scrip. A/, 9:162 68; 1943, 

GtODENr A. Notes on Diophantioe equations. Scrip. A/, 14:185*86: 1946, 15:163* 
64; 1949. 18:87-9a 177-78. 310 11 ! 1952, 

Grey. L, D. A note on Fennat's last theorem. A/. Mag* 27:274-77; 1953^54, 

GrEv. L, D, Round table on Fermat's last theorem, Af, Mag^ 27:274-77; 1954. 

Gri^ellEt Thomas. Proof of Fermat*a last theorem for n = 2(8a + 1), Af. Wa^- 
26:263; 1952-53, 

Heimannt P, H, and Elston. F. G. Round labJe oo Fermat*s last theorem, Af, 
Afa^, 28:49-50! 1954, 

James. G, A higher upper limit to the parameters in Fermat's equation. Am* Af, 
A/o. 45:439-45; 1938, 

JuzuK. Dov, On tile converse; ut Fermat** theorem. Scrip. M. 11:100; 1945. 

Klein. Fmx, Ettmtntary tUath^matia from an Advanced Standpoint: Arith. 
mttiCf Algtbra, Analysis, New York: MacmilJan, 1932, p, 46 50, 

Lehmer; Lkhmer; and VandIvlr, An application of hi^^h-speed computing to 
Fermats Last Theorem, Proceedings* National AcadtrnJ of Sc/ettcej 40:25^3; 
1954, 

Mann. Louis, A remark on Fermat*& last theorem. A/, Mag, 28:153,56; 1954-55. 

MiLLERr C. A, A few classic unknowns in mathematics, Sci. Mo. 1:9397; 1915, 

MliXER. G, A. Some thoughts on modem mathematical research. Scitnct 35:877- 
87; June % 1912, 

MoRDELL. L. J, Thrtt Lectures on Ftrmat's Last Tkeortm. London: Cambridge 
Univ, Pre«. 1921. 

NocueSt R, Thiortmt de Ftrmat: son Histoirt. Paris: Vuibert. 1932, 177 p- 
PiZA. Pedro, Fennat coefficients. Af. Af^^^- 27:141-46; 1954, 
PiZA. Pedro. On the case n = 3 oi Fermat*s last theorem. A/. Mag. 28:157.58; 
1954^55, 

PlSA, Pedro, Pythagorean transformation of Fermats equation. Scrip. A/. 9:189; 
1943. 

Segal. D, A note on Fermats last theorem. Am. M. Mo. 45:438-39! 1938. 

*'Somc Introductory Comments on Fermat*s Last Theorem,*' Af. Mag* 27:213.16; 
1953-54. 

Stonet D, E, On Fcrmat*s last theorem, Af. Mag, 28:295-96! 1954-55, 

Vandiver. H, S, Examination of methods of attack on the second case of Fermat's 
Last Theorem. ProceedingSr National Acadtmy of Sciences 40:732,35; 1954, 

Vandiver. H, S. Fermat s last theorem. Am. M. Mo, 53:555-78? 1946. 
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2*8 Fibonacci Numbers and Series 

Archibald^ B. Ftbooacd series. Am, Mo. 25:235 38; 1918. 

Ball, W. W B. and Coxeter, H. S. M. Mathemaihai Recreaiions and Essays. 
London: MacmiUan, 1942. 57, 86. 

Beard, Bobert S. The Golden Section and Fibonacci numbers* Scrip. M. 16:116* 
19; 1950. 

Blank, GE^RSHor^. Another Fibonacci curiosity. Scrip. M. 21:30; 1955* 

Block* Damel. Fibonacci summations. Scrip* 19:191; 1953. 

Block, DAr^ifvL. Symbolic furmulue involving Fibonacci numbers. Scrip* M. 18: 
306 307; 1952. 

Candido, G. Fibunacci series and their squarci** Scrip* 17:230; 1951. 

Dick* F* J* The Kings chamber and the geumetry uf the sphere. Am. /!/. Itfo. 27: 
262^63: 1920. 

DiCKsor^, L. E. History of th^ Theory of Nttmb^rSt Vol* I* Washington, D* C: 
1919. p. 393411. 

GrNSBURC* Je^kuthiel. Fibonacci pleasantries. Scrip. At. 14:163^64; 1946* 

CiNsBURC, Jekuthiel. Summations. Scrip* M* 20:231; 1954. 
Summation of Fibonacci and Lucas series. 

H^MBiiiCEt J. Dynamic Syjtimttry* New Haven: 1920. p. 146-57. 

Heath, BoVal V* Another Fibonacci curiosity. Scrip. M. 16:128; 1950. 

Heath* Boval V. Fibonacci cungrutrnccs. Scrip. M. 15:91; 1949. 

HoccATT, Vern. a type of periodicity for Fibonacci numbers* M. Mag. 28:139 42; 
195455. 

Jarde^n* Dov. Note on FibonaLii scries. Scrip. M. 1.5:114; 1949. 

Jardep*. Dov. Nullifying cuefticients. Srrip* M. 19:239.41: 1953. 

Discusses the Fibonacci counterparts of binomial coefficients; alsoi a 
Pascal triangle for Fibonacci sequence.^. 

Northrop. £ligf„\e. Hhi.Uvs in .\htthcnuui*s. New Yttrk- Van No^tranJ, 1944. 
'"Fibonacci scries." \\. 48.55. 

Plotwick. S. The ^'ti*" terms of the Fib'^nucci b^eiie;^. Scrirj. /t/, 9:197; 
1943. 

Kaine, C. Fattoriitatjon of Fibonacci numbers. Scrip. M* 17:M2-43; 1951. 

Baine, G. W. Fibi>nai-ii Cituiureul iriyngles. Scrift. M. 20:96*98: 19.54* 

Baene, C. ^V*. Fibonacci numbers as generators- Scrifi. M. 19:241; 1953* 

BuNE. C. W. A FiboHucct solitaire game. Scrip, ^f. 19:190; 1953. 

BfvECHMAN. Baphael. A summation formula involving Fibonacci numbers. Scrip. 
A/.20:lll 12i 1954. 

BoBF.Rt. Harry C, Jr. The Fibonacci series. Duodecimal Bulletin 3:3 9; February 
1947. 
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Robert* Harry C, Fibonmcci series and reciprocttls. The Duodecimal BuUtlin 
I0:\h 

RoscNFELD, A. Fibonacci differences. 5mp. A/. 15:24142; 1949. 

SANDERSf I- Sums of terms of the Fibonacci series. Scrip, M, 14:162: 1948. 

ScHUB> P. Minor Fibonacci curiosity. Scrip, Af. 16:214; 1950. 

ScHUB. P- Reciprocal* of Fibonacci numbers. Scrip, AL 17:97; 1951. 

Sebban* H. Problem No. 2809. Am, M, Mo, 28:329-30; 1921. 

Steinhaus. H. Mathfmaticat Snapshots, New York: Slecherr. 1938. 28. 

SiRLYKt Adrian. The Fibonacci numbers. S, S, M, 44:701-707; 1944. 

SuBBA RaO* IC On summation formulae involving Fibonacci numbers. Scrip, M, 
21:214-17; 1955. 

SuBBA RaOi K. Some properties of Fibonacci numbers. Am, ^t. Mo, 60:680-84; 
1953. 

SijBBa RaO* K. Some properties of Fibonacci numbers. Scrip. M, 20:29; 1954. 
UrvtANSKYt H. L. Pythagorean triangles from Fibonacci numbers. Scrip, 18: 



WEAVEFtp W. Lewis Carroll and a geometrical paradox. Am^ M. Mo, 45:23446; 



Yarden* D. a bibliography of the Fibonacci sequence. Rireon Lematematika 
2:36-45; January 1948. 
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Tills RATHER broad category includes not only geometric failacies and para- 
doxes, optical illusions, dissections, tangrams, and geometric construc- 
tions^ but also material on regular polygons and polyhedra, tessellations, 
linkages, and the mechanical construction of mathematical curves. Such 
amusemenbs oftt^n appeal to the eye-minded^ and to those who are not par- 
ti^-ularly intrigued hy numerical or algebraic puzzles. 

Anion^ some of the best know^n geometic fallacies are the alleged proofs 
that an obtuse angle equals a right angle; that every triangle is isosceles; 
that the length of part of a tine equals the length of the whole line; and that 
the $uni of the lengths of two sides of a triangle equals the length of the 
third «ide, The^e and similar proofs rarely fail to intrigue high school 
pupiW, 

As for optical itiusiuns, the explanation generally hinges upon considera- 
tions of perspective* ^hading^ disposition^ and such, or upon purely psycho* 
logical consideration^^. Among the most widely known optical illusions are 
the two equal segments with reversed arrowheads; the "Which is taller, the 
policeman or ihe tittle boy?"; and the "How many cubes arc there — six or 
seven?", OfJtical illusions such as the last of these are the more tantalizing 
because they sometimes seem to *'turn inside out" as you look at them, 

3J General Geometrtc Problems and Puzzles 

AnuoTTt Edwin A. (A Square), Flatland: a Romonce of Many Dimensions, Bos- 
ton: Little* Brown & Co.* 1928. 155 p. New Yorkr Dover Publications, 1952. 
103 p. 

A delightful^ w^il-known little classic. 

AnNing* NoftMAN. More about nedians, T, 44:310-11; 1951, 

Ball, W, U, and CoxETEUt H. S- M. Mathematical Recreations and Essays, 
Li>inlttJi: Macmillan. 1942. 
**CconjetncaI recreations.'* Fallacies; dissections; tessellations; cydotomyi 
L-he^^Ward problem*. ]>. 76-128, 

Bankofv. Lku%. T^ie fibi^naci i urbelos*. St rip. A/. 20:218; 1954, 

Backoff. Leon. The golden arbelos. Scrip, M, 21r70-76; 1955, 

Bahavalle. Hekman. Dynamic circles. Strip, A/, I8r83-85; 1952. 

Bk^ro, Robi^rt S. a variation of the ApoUonius problem. Scrip, M, 21r4d-47; 195,'>. 
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BERPtum, Arthur. Curves of pursuit. Scrip. M. 20:125-41; 1954. 
Scholarly trestmcnt; allusion to Zeno's paradox, p. 125-26. 

Booth. A. L. A msthematical recreation — some angles of a right triangle. M. T. 
11:177-81; 1919. 

Brueckel, Fr^nbc. Faralldograms with integer sides and diagoDttls. S. S* M. 56: 
687-96; 1956. 

Cot>HT, N. A. Fagnano's problem. Scrip. M. 18:95-96; 1952. 

Curtis, H. J. A note on the taxicab geometry. Am. M. Mo. 60:416-17; 1953. 

D^wso^r* T. H. Mateh-stick iseometry. M. Cox. 23:161-68; 1939. 

Do£K^ciiiNG, Jo^N. Parallebtsrams with integral sides a^d integral diagonals. 
S.S. A/. 56:156; 1956. 

EscoTT, % B. Geometric puzzles. Open Court 21:502-505; 1907. 

FouHREY, E. Curio^ites giometriqaes. Paris: Vuibert & Nony, 2nd edition, n.d.; 
3rd edition, 1920 (?). 431 p. 

FURSTE^BERG, H. A Keometrioal curiosity. Scrip. M. 19:194; 1953. 

Oilman, H. L. What Can h^ done with a single aetting of the compasses. Scrip. 
M. 5|68.69; 1938. 

GiNSBUR^ Jejcutuiel. Graphs of linear congruences. Scrip. A/. 13:106-13; 1947. 

GooRM^cHTicu, R. A geometrical curiosity. Scrip. M. 20:171; 1954. 

Grossman, How^HD. Fun with lattice points. Scrip. M. 12:86-87, 160-61* 223-25, 
288^90; 1946. 
13:98-102, 217-22; 1947. 
14:62-65, 157-62: 1948. 
15:79-8L 232-37; 1949. 
16:119-24^ 207-12; 1950. 
17: 1951. 
18:298-300; 1952. 
20:203-04; 1954. 
22:153-58; 1956. 

Grossm^l^ H. D., Km Kramer I>- A new matchgame. Am. M. Mo. 52:44243; 
1945. 

H^HRis, I. Geometric recreations. S. S. M. 20:731 33; 1920. 

^'Harvard University Student Makes Straigbtline Drawings^ Lift, March IS, 1940. 
p. 43-44. 

He^derso^, Archibald. A classic problem in Euclidean geometry. Journal of tht 
Eiisha Mitchell Scientific Soctety 53 :246-81 ; 1937. 
Proof of the proposition that if the internal bisectors of the base angles of 
a triangle are equal* the triangle is isosceles. 

HE>DERSONt Archibald. The Lehmus^Steiner-Terquem problem in global survey. 
Scrip. M. 21:223-32; 1955. 

HiLBERTt D. AND Cou^-VosSE^t S. CtQmttry and the Imagination. (A transla- 
tion of the classic Anschauttcht Ceometrit.) New Vork: Chelsea Publishing 
Co., 1952. 358 p. 

Curves; sur^ces; lattices; crystals; polyhedra; topology; and so on. 
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Solulion o! a geoindric puzzle. Gaz. 28:31-32 ; 1944. 
Iyer. V. Intersecting magic lines. 5cnp. 21:43; 1955. 
James. Glenn. Long-short lines. Mag. 29:254-56; 1956. 

Kaspek. Louis. There h Fun in Geometry. New Yoric: Forluny's. Publjsher»» 

1936. 135 p. 

Kempner, a. J. Geometry as an Avocation. v4m. ^> Mo. 40:455*71; 1933. 

Kraitchik, MAtrHiCE. On certain rational cuboids. Scrip. M, 11:317-26; 1945. 

Khaitchik* Maurice. On the concurrence of the legs of equiareal triangles. Scrip. 
M. 11:178; 1945. 

Langfohd, C. D. Uses ol a geometric puzzle. M, Gai. 24:20^11; 1940. 
La^tcman. Hakhy. a disc puzzle. Scrip, M. 17:144-45; 1951. 
La\cman, Hakhy. Polygons. 5crip. M. 19:79-80; 1953. 
Lancma^* Harry. Rotations. 5cn>. A/. I5:93; 1949. 16:72; 1950. 
Maooen* 0. .\ geometrical recreation. M. Gaz. 28:55; 1944. 
Car\ed wooden models. 

Memcer* Kahl. You Will Like Geometry. fA Guide Book for the IlUnois Insti- 
tute of Technology Geometry Exhibition at the Museum of Science and In- 
dustryt Chicagot IlL) . Chicago: the authon 1952. p. 34. 10^. 
An exceptit^nallv appealing and suggestive booklet. 

MoHK[$. RrctKRO. The cvclic quadrilateral; a recreation. 5. 5. M. 24:296-300; 
1924. 

MLiELLEh. C Hh Geometric Concepts, New York: Wiley, 1931. 

Nev. Mind. Geometrical magic. Scrip, M, 19:198-200; 1953. 

Nev. R. Mrr*D. Mathematics on the chess-board. 5crEp. M, 20:110; 1954. 

Brief noto on the number of squares and rectangles visible on any square 
board of squares. 

Ntv. R. Mmo. A square within a sfiuare. Scrip. M. 19:270; 1953. 

New R. Mt^o. Supremacy of obtuse-angled triangles. Scrip. M. 20:205; 1954. 

Nlv, R. Mind. Too many? Scrip, M. 21:296-98; 1956. 
A paradox about packing layers in a box. 

Ro^EN. Monars. Taxicab geometry. The Pentagon 15:4-14; 1955. 

^ainte-Lacue, a. Geometrie de situation ef jeux. Paris: Gauthier-Villars, 1930. 
75 p. 

Satterly, John. The Morley triangle and other triangles. 5. 5. M, 55:685-701; 
1955. 

SaTterly, Joh\. The medians of a plane triangle. M. T, 44:46-48; 1951. 

Shaw, Jamf^ ByrNie. Kaleidoscopic rhythms. 5cr^p. M, 12:10L11; 1946. 

SiAWCUfrp* Fenton. Residue curves. Scrip. M. 13;114-15i 232-33; 1947. 

"Taxicab Geometry.'' 0. V. Math Letter /University of Oklahoma), Vol. 4, No. 2. 
December 1954. p. 3. 

'Testing Your Imagination" 5cience Hlusttafed 2:32-33+; December 1947. 
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TH^BAULTt Victor. The area ^ ^ triangle as a function of its tides. Scrip. 18: 
151-61; 1952. 

Thebault, Victor. Curious squares. Scrip. A/. 13:4b42; 1947. 

ThebaulT) Victor. Curvilinear and tnixtilinear figure;. Scrip. Af. 19:69^77; 1953. 

Th^bault, Victor. Geodesies. Scrip. M. 21:147-58; 1955. 

THEBAULTt Victor. Parmi les Belles Figures de la Geometrie dans tEspace 
(Geotn^trie du Tetra^re). Paris, 1955. 288 p. 

Tmebadlt, Victor. Recreational geometry. Scrip. Af. 15:82-88, 149-55; 1949. 18; 
151-61; 1952. 

Thebault, Victor. Recreational geometry: the triangle. Scrip. Af. 22:1430, 97- 
105; 1956. 

A collection of theorems and properties relating to the medians, angle- 
bisectors, angle -trisect or% etc., of a triangle. 

Thebault, Victor. Triangle horde de triangles isosceles semblables. Af. Gar. 24: 
11112; 1940. 
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1947. 
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3.2 Geometric Fallacies — Optical Illusions 
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3.3 Geometric Dissections — Tangrams 
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"A Dissected Square." Af, Mag, 28:106-107; 1954. 
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Sattrhly, JoEiN. Meet Mr. Tau again. S. 5. M. 57:150; 1957. 
DiSh^^tion of & regular pentagon. 

Smith, C A. B., awd Tuttc* W. T. A <law of self-dual roapa* Canadian Journal 
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Diasection figures and other tnathetnatitral puzzlea. 
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3.4 Regular Polygons and Polyhedrons 

The elementary characteridtica o{ regular polygons and polyhedrons were 
known 1o the ancient Greeks, who gave us the regular Platonic solids and 
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CoxETCR, "H. S. M. The densities of the regular polytopes. Pr^ceeimgs, Cam- 
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Gives complete directions for the coustruction of the 13 Archimedian 
solids, the four Kepler^Poinsot star solids, stellar Archimedian polyhedra, 
and so on. 

EberharDi V. Zar Morphologie der Polyeder* Leipzig: 1891. 245 p. 
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To construct a square whose sides (or extensions) shall P^ss through four 
noncoUtnc^ar random points in a plane. 
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Wooi>f J, Square root of a line without the us« of the circle, 5. S, M, 22:11143; 



ZuHUcCf P, Ausfiihrung etementarf^eometrischtr Konstruktionen bei ungunstigen 
Lagevi^rhaltnissen, Leipzig: 1906, 

Zuhlke. KoTLStruktioTttTL tn btgrtnzttr Ehtne, Leipzig: B, G- Teubner* 195L 



When Lorenzo Mascberonj published his Gtomttry of tht Compass^ jn 1797, 
he showed that any construction which can be executed witli the straight edge 
and compass could also be carried out with the compass alone. Obviously, his 
points are not determined by the intersection of two straight lines. Furthermore, 
a straight line is considered as given or obtained when two points lying on it are 
known. Nearly 100 years later, A, Adler verified Mascheroni's claims. Adier used 
the idea of inversion with regard to a circle, an idea unknown to Mascheconi, 
having been discovered by Steiner in 1824. 

Strictly speaking, Mascheroni's constructions are not usually thought of as 
recreations; the problems that arise, however* ate not only fascinating — they make 
considerable demands upon one's ingenuity. 

Adlek, a, Thtorit dtr gtomttrischtn Konstruktiontn, Leipzig: 1906, p. 92422, 

Byrne, OuvEh, Tht Gtomttry of Compassts, London: 1877, 

CAJOfttf F. A forerunner oi Mascheroni. Am, Mo, 36:364-65; 1929. 

Carnahan, Walter. Compass geometry. 5. 5. M, 32:384-90; 1932. 

Carnahan, Walter. Geometrical constructions without the compasses. 5. 5. M, 
36 182-89; 1936, 

CayL£Y, A< On Mascheroni's geometry of the compass. Mtsstngtr of Matht- 
matics 14:179-81; 1885, 

CesAro, Les problemes de geometrie resolus par le compasf Mtmoirts Sod' 
ete Liigt: 1899. 

Chenev, W. F. Can we outdo Mascheroni? M, T, 46:152-56; 1953, 

FlUftCHAUF, J. Gtomtinscht Konstniktiontn von L, Maschtroni und Sttintr, 
Grax: 1869. 

Geicek. Ein Beitrag zur Mascheronischen Geomettie des Zirkels. 2- M- iV* V, 41; 
548-1- ; 1910. 

Goldberg, M. All geometric construction may be made with compasses. M, 
25:961-65; 1925. 

HofiSONf E. W. On geometrical constructions by means of the compass. M, Gaz, 
7:49-54; 1913. 



1922. 
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HODSow, H- P- Ruhr and Compasses, New York: Chelsea Publishing Co., 
p. 131-43. 

HOTTt E. J. Die Mascheronischen Konstruktionen, H&Ue: 1880. 

KuTTAt W. M. Zur Geschichtc der Gtom^trU mil konstanttr Zirkcloffnimg, Halle: 
Abbandlungen Leopold Akademie, 1897. 

La^ascol, a. Quempcr ds. Giotnetrie da Compas, Paris: Libraine Sci^ntifique, 
Albert Blanchard, 1925. 406 p. 

LortcCHAMPS. G. DE. Essai sur la geometrie dt la rigU et dt riqtttrrt, Paris! 
1890. 

MasCHcro^j. Loffcrtzo. La GeometHa del Conipasso. Pavia. 1798. (Paris; French 
trans, by A. M- Carette* 18285 Beriin: German trans, by J< P. Gruson> 1825.) 

M^sCHCROM, Lorenzo. La Gtom^ria dtl Cotnpasso, Edited by G. Fazzari, 
Palermo, 1901. 

MtLLSTC.N.The problem otNapoleon.il/. r.46.344>4S; 1953. 

MULSOW, G- Mascheronische Konstruktionen^ Schwerm: 1898. 16 p- 

PeaUCcluer* a. Note aur une question de geom6trie de compas. (trans, by W. D. 
Marks). Jottrnal of the Franklin Institute 77:361; 1878. 

Weber, W. Ober die Halbierung ein^s Kreisbogens nach Mascheroni. Z. Af. M V, 
59:264+; 1928. 



3J Linkoges — The Pontogroph 

The problem of transforming line motion into circular motion is simple 
enough, but the reverse problem, of converting circular motion into motion 
along a straight line* is considerably more difficult. The latter problem was 
of slight interest to earlier mathematicians, and only attracted widespread 
attention some years after the first solutions were given by Sarrus in 1853 
and PeaucelU^r in 1864. Considerable enthusiasm in the subject of linkages 
developed during the last quarter of the 19th Century, stimulated largely by 
the work of Sylvester* Cayley* Kempe, and others, and culminating in 
Kcmpe's demonstration of the remarkable theorem that any algebraic curve 
can be described by a linkage. The bars of a linkage need not be straight; 
the only requirement is that they be plane, inextensible members. Certain 
linkworks are of considerable importance in mechanics and engineering. 

Ahbe^dt, M. H. a general method for the construction of a mechanical inversor. 
M. r. 27:75-80; 1944. 

AncHiBAU). R. C* Bibliofiraphv of tbe theory of linkages. Scrip, A/< 2^293-94; 
1934. 

Gives about a dozen references nut covered in Kanayarna^s list (see below). 
AsBUBY, F. C* Concerning a mechanical Inverson School (Secondary Edition) 33: 
610-13; 1945. 
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Bennett, C, T, The skew itogtam mechanism. Proceedings, London Mathemat- 
ical Society 13:151-73; 191344, Second series. 

Bricardi R- Legom dcs cinematiqut 2:7-12; 185-99; 311-32; Paris; 1927. 

BrowNi Henry T, SOT motivements mecantqucs, Li^ge: Desocn n,d, 28 p. 

Goldberg. MigUael, Linkages in three dimensions, /V, M.^ 28th Ytarbookt 

1945. p, 160-63. 

CoLDSCRG, MiciiA£L. New five-bar aod six-bar linkages in three dimensions. 
Transactions^ American Sifciety Mechanical Engineers 65:649^61; 1^43. 

CoLD6£RG, MiGUAEL, Polyhedral linkages, M, 16;1'10; 1942. 

Hart, H, On two models of parallei motion. Proceedings^ Cambridge Philosoph' 
ical Society 3:187; 1880. 

H£SS£»UEHGt GEHtt\no, Getenkmechtitiiimi^n ztir Krcisvertcandtschaft^ Tubingen: 
J.CB, M^>lir* 1924. 16 p. 

HiLSEP^HATH, Joseph. Linkages. A/. 30;277-84; 1937. 

Hjnkle^ T^ Generation tbe isoiin: ^erti^n^^ witli machine to^ls; theorems 
from projective geometry can be duplicated by kinematic linkages. Product 
Engineering 18:162-65; 1947. 

HiPpESLEY, R. L. Linkages, Encyclopaedia Britannica 14:163-64; I4th edition, 
1939. 

Hhop^es. Johw a. awd NELSONr Ci. L, AtuUysis of the Four-bar Linkage; its Appli- 
cation to the Synthesis of Mechanisms. Cambridge and New York; M. h T. 
and J. Wiley, 1951, 730 p- 

Jones TtDLUP. Multi-sensorv aidy ba^t*d on aj>plicationb of mathematics. M, T, 
40:285.93; 1947. 

KAtfAYAMA. R. Bibliography of the tlieorV of linkages. Tdhoku Mathemaiical 
/ottrrta/ 37:294-319; 1933, 

Gives 306 titles covering pertod 1631-193L 
Kempe* a, B, How To Drawa Straight Line, New York: 1877. 

KempEit a, B, How T^ draw a straigiit line: ^ lecture on linkages. The Pentagon 
11;67100; 1952, 
A reprint of the original bookr first published in 1877. 

KEMPEr A. B, How To Draw a Straight Line: A Lecture on Linkages. New York; 
Chelsea Pnblishing Co,* 1953. fReissne? bound with H. P. Hndson; Ruler 
and Compass; E. W. Hobson : Squaring the Circle^ and so on.) 311 p. 

Kempe, a. B. On a general method of describing curves of the nth degree by a 
linkwork. Proceedings, London Mathematical Society 6:213-16; 1876. 

Kempe. a. B. On Some new linkages, Cambridge Messenger of Mathematics 4: 
121^24; 1875. 

Keowi*. R. M, and Faires, H, M. Mechanism, New York: McGraw^HilL 1939. 
Leavens, D. R Linkages. Am, M, Mo, 22.330-34; 1915, 
Lloyd, D. B. The teaching of "flexible" geometry- M, T. 32:32123; 1939. 
Pantograph and simple linkages. 
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Macmiixan, R. H. The &ccdom of linkages. M. Caz., February 1950. p. 26-37. 

MesEitve, Bsuce E. LinUgcs as visual aid». M- T- 39:372-79; 1946. 

MofcLEY, F. V. The threc^bar curve. Am- Mo. 31:71-77; 1924. 

MoscR, Leo. Linked rods and continued fractions. Smp, 15:252-54^ 1949. 

Piaucilueh, A. L«ttre &u redacteur. Noavclhs Annates dc Maihcmatigacs 3:414* 
15; 1864. 

Roos, J. D. C. DE. Linkages: The Different Forms and Uses of Articulated Links* 
New York: Van Nostrand, 1879. 

Stokes, D. C. Three mathematical mechanisms. Af. Caz^ February 1952. 

Includes a linkage for the mechanical construction of regular n^gons, aad 
a linkage for dividing an angle mechanically into any number of equal 
parts. 

SVOBODA, A. Computing Mechanisms and Linkages. New York: McGraw-Hill, 
1948. 

Trimble, H. C. For non^geniuses only. T. 42:244>46; 1949. 

Theory of the pantograph. 
Tuck, F. E. How to draw a straight line. 5- 5. M. 21:55458; 1921. 

YATCSr R. C Geometric Tools: A Mathematical Sk^t^h and Model Book. St. Louis^ 
Mo.: Educational Publishers, Inc 1949. 194 p. 
Excellent treatment of straightedge and compasses, dissection, construe, 
tions) linkages, higher tools; bibliographies. 

Yates, R. C. Line motion and trisection. /V. M. 13:63-66; 1938. 
Yates, R. C. Unkages. /V. C. T. M^ 18th Yearbook p. 117-29; 1945. 
Yates, R. C. A note on the 3-bar curve. /V. M. M, 14:190-92; 1940. 
YAteSt R- C. The story of the parallelogram. M, T. 33:30M0; 1940. 

3,8 Mechonicol Construction of Curves 

Allen, H. G. Device for generating logarithmic spirals^ its construction and 
operation. Sibley Journal 34:52; 1920. 

BAXAN0ALL, David. EUipaographs. Encyclopaedia Britannica 8:370-71; 14th edi- 
tion, 1939. 

Behcek, J. Mechanical device for drawing the sine curve, M, T. 46:210-13; 
1953. 

BoYSr C V. Ellipsograph: with supplement on the evolute of the ellipse and the 
elastica. Proceedings, Physical Sodety of London 55:471-81; November 1943. 

BUftc, Walteh, An experimental construction of the sine carve. 5. 5. M. 44:467- 
68; 1944. 

CoLwELL, R. C. Mechanical devices for drawing Llssajou^s hgures. 5. 5. M. 36: 
1005-1006; 1936. 

Gkoos. J. A. VAN. A new ellipsograph. S. S. M. 22:471*72; 1922. 
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Herbert, C H. A cardiograph. Am. M. Mo. 22:1243; 1915. 
Htscox, G. D. Mechanical Appliances, Mechanical Movements and Novelties of 
Construction. New York: Nurmao W. Henley Pub. Co., 1927. 

Hiscox^ G. Mechanical Movements, Powers and Devices. New York: Nonnan 
W. Henley Pub. Co., 1903. 

Ja^es, W. C. Garrett's men'anism. (for drawing a sexiicl. N. M. A/. 12:118^21; 
1937. 

Jones, Phillip, .^n early work on mechanical devices for drawing the conic sec^ 
tions. jV. C. r. M., 18th Yearbook, 1945. p. 273^79. 

Jor^ES. PHiLLir. Mathematical apparatus. N. C. T. M., IBth Yearbook, 1945. p. 
212^25. 

Mechanical con urtiction of higher plane curves. 
KnuCLAK^ H. Simple blackboard ellipsograph. A/. T. 33:179; 1940. 
LoF, J. CThe conic compass. 5. 38:842 46; 1938. 

Mackenzie, A. .-^n instrument for drawing a siae curve. Physical Review 15: 
366*67: 1908. 

PL.\sTEHEm E. G^ Demonstration apparatus for the composition of two simple 

harmonic curves. 5- 5. M. 34:424-26; 1934. 

i 

Sutton, R. M. An instrument for drawing confocal ellipses and hyperbolas. Am. 
\f. A/o- 50:253-54; 1943. 

Wolff, Georc. The mathematical collection. N. C. T. M., 8th Yearbook, 1933. 
p.216ff. 

Wolff. Gsohci. Mathematics as related to olher great fields of knowledge. N. C. 
T. M^ nth Yearbook, 1936. p. 207 ff. 

Yates, R. C Curves and Their Properties. Ann Arbor, Mich.: J. W. Edwards, 
1947. 245 p. 

Discussion of linkages, line motion* harmonic motion, Lissajou curves, 
mechanical inveisors. 

Yates, R. C. An ellipsograph. ;V. M. M. 12:213 15; 1938. 

Yates, R. C. Geometric Tools. St. Louis: Educational Publishers, 1949. 194 p. 

.\n extremely stimulating study and work book. 
Yates, R. C. A grooved mechanism. M. T. 37:23*26; 1944. 
Yates, R. C. Mechanically described curves. M Af. 10:134-38; 1936. 
Yates, R. C. To have and to hold. N. M. 14:2; 1939. 
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Chapter 4 



FROM OWE point of view, matJiemHticai recreations fall into two major cate* 
gories: those that involve number relationships or computation^ and 
those that depend chiefly upon the manipulation of objects. Conspicuous 
in the latter category we find the problem of ferrying the wolf, the goat, and 
the basket of cabbages across a stream (or the three couples with jealous 
spouses, where the boat will hold only two people J ; the problem of measur* 
ing out one quart of a liquid with only a 3-, 5> and 8 quart measure avail* 
able; the problem of the t^jree coins; the twelve*coin problem; the shunting 
of freight cars; the Chinese ring puzzle; the problems of chains and links; 
the Tower of Hanoi; the Josephus problem; and the Boss Puzzle, or 
15* Puzzle. 

Included also among the manipulative recreations are string figures, paper* 
folding exercises* card trick*, che^oard problems, unicursal problems, 
labyrinths* and a variety of topological problems. 

Because of the recent popularity of the 15*Puzzle* it merits some observa- 
tions. Invented in America bv Sam Lloyd in 1878. it took Europe by storm, 
"driving people mad/' A square arrangement of 15 small square blocks num- 
bered from 1 to 15* with room for 16 blocks, so that the 15 squares can be 
interchanged by slidingthem about* The total number of conceivable positions 

factorial 16* or alnu^st 21 billion. It can be proved that from any given 
initial arrangement, only ha\\ of iill the possible arrangements can be obtained 
by sliOing the ^quare^ about. In the current revival of interest, the puzzle 
appears in dime ^tore^* und is. made of modern plastic material* Variations 
have al?r( appeared — rectangular \er^ioiiiS contahiing 19* 21* and 31 pieces* 
rei*pecti\ ely, 

4.1 Boss Puzzle 

B<LL, W. W, R, AND CoxETER, H, S, M, The 15-PuzzIe. Mathemnticd Recreations 
and Essays. London: Macmillan, 1942, 299-303, 

JoHt^soiv. W, W, AND Story. W, E, Notes on ihe American Journal of 

Mathematics 2:397*404: 1879. 

K^SNERt <wo NEWMAiHt J, Mathematics and the Imagination* New York: Simon 
and Schuster* 1940. p. 170-80- 

KfiAtTCHiK, M. Mathematical Recreations. New York: W, W- Norton. 1942- P- 
30L'308, 
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Licks, H, E- Recreations in Mathematics^ New York; Van Noslrand, 1917. p- 
20-21. 

Phoctqr, R. a. The 15 Puzzle, CentUman^s Magazine {new series) 26:30, 
Proctuh, K. A- The 15-Puzzle. Knou^Udgt 1;37, 79. 185. 
SfiOwDOW, J. S, The 15'Puzzle, Ltisurt Hour 29:493, 

SiEhVHAUs, H, Mathematical Snapshots, New York: G, R StechertT 1938, p, 15-16, 
Warhen, G, W, Clue io IS-Puzzle, Nation 30:326; 1880, 

4,2 Card Tricks — Manipulative Puzzles 

,Adleb, iKVtiVc, Make up your <?wn card trtcks, Butlttin^ Association of tht Ttach- 
ers of Mathematics oj the City of New York 5:4-7: 1951, 

"An Applfcatton oi MuthemalJcal Induction lo the Tower of Hanoi Puzzle," A/, T, 
45:522-23; 1952, 

A^odalion of American Playing Card Manufacturers^ Takt a Card, New York: 
the Association, 420 Lexington Ave, 
A free pamphlet. 

Ball, W, W, R, and Coxeter, H, S, M, Munipulativtr problems, Mathtniaticat 
Recreations and Essays, London: MacmiJlan, 1^2. p, 299-325, 

Beiler, A, H, Electrical Chinese ring puzzle. Am, M, Mo, 51:133-37; 1944, 

^^Card Trick Over Three Hundred Years Old," Scrip, M, 19:220; 1953, 

Court, N, Altshiller. Perplexities of a potato-pusher. Scrip, M, 14:151-56; 
1948, 

Reference to games of tic-tac-toe, 

FreemaNt Mae and FbeemaNt Iha, Ftm with Figures, New York: Random House, 
1946, 

Fu^KENBUsCH, A,sD Eaclet E, Hyper-itpecial tit-tat-toCt or tit^tat toe in four 
dimensions, /V, M, M, 19:119-22; 1944, 

GakoneRt MARTtn, Mathematical card tricks. Scrip, M, 14:99-111; 1948, 

GARDN'ERf Martin, Mathematical tricks with common objects. Scrip, M, 15;17-26^ 
1949, 

Tricks with dice, dominoest calendars, watches, dollar blUsr matches, 
books, 

Gardneh, Martin, Mathematical tricks with special equipment. Scrip, A/, 18:237- 
49; 1952, 

Chavatt, G- G, Encyclopedia of (Self^Sf'orking} Card Tricks, 1937, 1940, 403 p. 
Large collection of card tricks based upon mathematics, involving little or 
no sleight of hand, 

HocBENf Lancelot, Mathematics for the Million, 3rd edition. New York: W, "W, 
Norton, 1956. 

Chapters on "Statistics" and on the '"Algebra of the Card Pack", 
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"An Itiductive-dt^ductive Experiment mth. the Tower of Hanoi Puzzlo." M. 44: 
S(^; 19S1. 

Johnson, Paol B. Stacking colored cubci. Am. M. Mo. 63:392-95; 1956. 
Jones, PhiLlIp. Algebraic tic*tac-toe. M. T. 44:43; 1951. 

KiitKpATRiCK, Paul. Probability theory of a aimple card game. M. T. 47;245*48; 
1954. 

KocNEN, WiLLiAM. Uftng the tower of Hanoi to preftent the principle of mathe- 
matical induction. M. T. 48:330-Sl; 19SS. 

LeeHiNc, Joseph. Gamts with Playing Cardh Tricks^ Stunts. New York; Frank* 
lin Watts, Inc., 1949. 104 p. 

MANHEiMtitf WallaC£. A club pjoject m a modern use of mathematica. M. T. 
50:350^; l^fSL 

Mathematical card trickSt etc., based on binary notation and feedback. 

Mathematica and TickUcktoe. Time 68:78-30; July 23, 1956. 

PaicE, Irene: '^1 Doubt It''— a mathematical card game. Am. Mo. 49:117; 
1942. 

RistNc, Geralo. Some comments on a simple puzzle. T. 49:267^69; 19S6. 

ROHKioucH, Lynn. PuzzU Craft; Plans for Making and Solving 40 Puzzles in 
Wirep Wood^ and String. (Kit U). Delaware, Ohio: Cooperative Recreation 
Service, 1932. 24 p. 25^. (Pamphi«t) 

RUDERMANi Harry. The game of ttc-tac*toe. AS. 44:344-46; 19S1. 

Sawyer, W. W. Analysis of an Indian game. Scrip. M. 22:71*78; 19S6. 

Ejttensive discussion of a manipulative puzzle game similar to *Tox and 
Geeae." 

Sawyer, W. W. and Srawley, L. G. Designing and Making* Oxford; Basil Black* 
well, 19S0. 

ScHUELER, F. W. A method for determining the thickness of material by folding. 
5.5. A/. 45:725-26; 1945. 

Somervell, Edith. A Rhythmic Approach to Mathematics. London : George 
Philip & Son, 1906. 67 p. (Pamphlet) 

Reprints obtainable from Misa L. £. Christmao, 1217 Elmdale Avei, Chi* 
cago. 111. Discusses curve stitching. 

Thurston, Howard. 300 Tricks You Can Do. New York: Pocket Books^ Inc.. 
1948. 239 p. 

Card tricks, number tricks, and some paper and ting tricks involving 
topology. 

Walker, S. W. Games of the checkera family in line, plane, and apace. Bulletin^ 
American Mathematical Society G2:825; 1946. 
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4.3 Chessboard Problems 



Ball, W. R. and CoxETeRi H. S. M. Chessboard recreations. Mathtmatical 
RecretUions and Essays* London: Macmillan, 1942. p. 161*92. 

Gm»URC* Jekuthiel. Gausses mrithmetization of the problem of queens. Scrip* 
M* 5:63^; 1938. 

HubeR'StockaRi £milb. L*£cbiquier du Diablo: un jeu de composition I plus 
de 5000 solutions* Dtuxiimt Cortgris International de Recreation Mathe* 
matique> Bnixelles: Librairie du ""Sphinx,** 1937. p* 64>6S. 

Huber^^StockaRi £milc:. Lt probiime du cavalier generalise* Bruxelles: Librairie 
du **SphlnV* 1935. 

DB Jaenis*ch* Du probleme du cavalier. Chess Monthly, April 1859. 

Jones* Norma L. A game of solitaire with checkers. 'I'^e Pentagon 14:96-98; 1955. 

Kraitchik* Maurice. Le pioblemc du cavaliej* Paris: Gaut hie r*Vi liars, 1927. 
96 p. 

LanCman, Harry. A problem m checkers. Scrip. 20:206.208; 1954. 
LinPe, a* V* d. Geschichte und Litejatur des Schachspiels* Berlin: 1874* 
McCoY> John C. The magic knight*s tour. Scrip. 12:79-86; 1946. 
Nev. Mind. Mathematics on the chessboard. Scrip. M. 20:110; 1954. 
RusjCA, Julius* Zur Ceschichte der Schachbrettaufgabe* Z* Af. N* U. 47:275-82; 



Smith* Arthur. Go* the National Game of Japan* Rutland, Vermont: Charles 
Tuttle Co.> 1956. (Reprint). 220 p* 

Stewart- B. M. Solitaire on a checkerboard. Am. M. Mo. 48:228-32; 1941. 

TOMLiNSON* Amusements in Chess. London; 1845. 



""Analysis Situs.** Encyclopaedia Britannica. 14th edition, 1939. 

AyreSi W* a. Some elementary aspects of topology. Am* M, Mo. 45:88-92; 1938. 

Ball- W. W. R. and Coxetebi H. S. M. Solid.Ecssellations; ball*piling or close- 
packing. Mathematical Recreations and Essays* London:, Macmillan* 1942. p. 



Blumenthal, L* M. a paradox^ a paradox, a most iDgenious paradox. Am* M* 
Mo* 47:346^53; 1940. 

CouRANTt R. AND RoBBiNS- E ff^hat ^ Mathematics? New York; Oxford Unlver* 
veraity Prcsa* 1941. p. 235*71. 

[EuLER, Leonhard.] Leonhard Euler ^d the Koeoigsberg Bridges. Sci* Am. 189: 
66-70; July 1953. 

FRANKLtN, pHaip. What is topology? Philosophy of Science 2:39-47; 1935. 



1917, 



4.4 Topological Questions 



148^51. 
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GAMOWt George. Untistisl properties of space. Om, Two* Thrtt—JafirLity. New 
Yorkr Viking Press, mi; Mentor Books, 1947. p. 50*70. 

Garoneei, MAitTtN. TopoWy and magic. Scrip. 17:75-83; 1951. 

Describes the Afghan ham]»; handkerchief tricks; tricks with string and 
rupe; vest tricks* 

Greitzert Samuel. Topology. Sdecud Topics in Higher Matherratics for Teachers* 
New York: Association of Teachers of Mathematics of Ne\x York City, 1942. 
p. 5 25. 

Hall, D. W. Some concepts of elementary topology. Mag. 22:267 74; 1949. 
Hall. F. What istupology? A/. T. 34:158-60; 1941. 

HoltzmAn, Harry. Topological party. Science Illustrated 3:20-23, 110; March 
1948. 

KaSwer, E. Note on non-Apollonian packing in space* Scrip. 9:26; 1943. 

KAsDtEit, £. AND Newman, J. Eubber sheet geometry. Mathematics and the Imugi^ 
nation. New York: Simon & Schuster, 1940* p> 265-98. 

Kasner, E- AMD Others. Covering the plane by circles* Scrip. M. 9:19-25; 1943. 

KasneiRt E. ADtD SuprfiCK, F. Apollonian packing of clrcl^^. Proceedingst Pfa- 
tional Academy of Science^ 29:378^84; 1943. 

Kliwe* J. R. What is the Jordan curve theorem? Am. M. Mo. 49:281-86; 1942* 
Bibliography. 

McCov, DoROTHV. Space. /V> M. M. 9:155 62; March 1935. 
Me;(cdu Karl* What is dimension? Am. M. Mo. 50:2*7; 1943. 
Bibliography. 

Meserve, Bruce. Topology for secondary schools. M. T. 46:46574; 1953. 

Northrop, Eucewe;. Topology* Riddles in Mathematics. New York: Van Nostrand, 
1944. P> 64^76. 

Porcest Arthur* Filling a square with circles* S. $. Af. 45:858-61; 1945. 

Seifert, H. awd Thkelfall, W. Lthrbuch der Topologie. Leipzig: Teubner, 1934. 
353 P^ 

Bibliography. 

StERPtNsict, W. Introduction ic Genera/ Topology. University of Toronto Press, 
1934. 238 p. 

Very readable and suggestive. 

Stcinhaus^ Hugo* Mathtmatical Snapshots. New Y^^rk: Oxford University Pres*» 
1950* p> 214-40. 

TucKERr A. W. A^D Batlev, H. S. Topology: ttiraing inner tubes inside out; one* 
sided bands and buttles* Sci. Am. 182:18 24; January 1950. 
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4.5 String Figures — Theory of Knots 

Artin. Emil. The theory of bntds. American Scientist 38rll2 19; 1950. 

Ashley* Clifford W. The Ashley Book of Knots. New York: Doubleday Doran 
& Co., 1944. 

Ball* W. W. R. String Figures. Cambridge^ W. Hcffer & Sons.* 192L 
Bastine, W. Bandknolen. Z. M. V. 53:172; 1922. 

Bi^LASn* Co\STANTmE. Braiding and Knotting for Amateurs. Boston: Beacon 
Press, nA. 

BuBCESS. Joseph T. Knots. TUs> and Splices. London; Routledge* n.d. 

Day* Cybus Lawrence. Sailors* Knots. New York. Dodd Meai & Co.* n.d. 

FfSCHER. OxTOKAn. illustrated Magic. New York: Macmillan, n.d. 

Franklin* Eric. Kamut: Pictures in String. Areas Publishing Co.* 1945. 60 p. 

Haodon. Kathleen. Artists in String. New York: Dullon, n,d. 

HaddoNi Kathleen. String Games for Beginners. Cambridge* England: W. Heffer 
^Sons, 1951. 

Haseman* Mary G. On knots, with a census of the amphicheirals witb 12 cross^ 
ings. Edinburgh: 1918w Reprint from Transactions^ Royal Society of Edin^ 
burgh, Vol.52. 1917. 

Hebtwic. p. C. Square Knot Book. Brookly n* N. Y.: P. C. HertwigCo. 

Hull. Burling. Thirty^three Rope Ties and Chain Releases. New York; n.d. 

James* Stewart* The Encyclopedia of Rope Tricks. Colon, Michigan: Abbott 
Magic Company* 1945. 498 p. 

Jayne* Caroline F. Savages^ String Figures* London: G. Newnes, 1913. p. 273^78. 

Jayne* Caroline F. String Figures: A Study of Cat's-cradl^ in Many Lands. N. Y.: 
C. Scribner^ 1906. 408 p. 
Excellent bibliography* 

KoLLEi^ L. Vber einige allgemeint auf Knotenverbindungen bezugliche Cesetze* 
Wien: Ceroid* 1884. 

Leeminc* Joseph. Fun with String. New York: Frederick A* Stoked 1940. 161 p. 
A CollectioQ of String Games . . . Knot Work and Magic with String and 
Rope. 

"Mathematical Tlioory of Knota." 5a€ nee Progress 32:70 74; 1937* 

ReioemeiSter, K. Knotentheorie. Berlin: Springer, 1932. New York; Chelsoa Pub* 
Dshing Co. 78 p. ^ 
Concise and complete; bibliography. 

SiMOWYt 0. Losung der Aufgube: in ein ringformig geschlossenes Band einen 
Knoien zu machen. Wien: Ceroid* 1881. 

Tait* p. G. On Knots. Parts I, 11, lU; 1879.1885. 
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4.6 The Mobius Strip 

BoKi>. Nelson. The geometric* of Johnny Day< Astounding Science Fiction^ July 
194L 

Humorous sketch bas«d on the Mobius strip. 
Caroneb, Martin. The no-sided professor Esquire^ January 1947< p- 67+< 

Humoroua story based on the Mobius strip- 
HcRiNC* C. Flat band with only one surface aud oue edge. Sci. Ant, 110:56; 1914. 
niobius Surfaces;* Scrip. A/. 5:208; 1938. 

NiKLiTscHEK, Alexander. Das Ding, das nur eine Seite hat< !m Zaubergartcn der 
Afathematik, Berlin: Verlag Scherl, 1939. p. 217-28, 

Northrop, Euceke, Mobius strip. Riddles in Mathematics. New Vork: Van Nos- 
traud, 1944, p. 7a73, 

SteikkaUs, Hugo. Mobius ribbou. Mathematical Snapshots, New Vork: Stechert. 
1938. p. 114^17, 

TucKEBMAN. A non-singular polyhedral Mobius band whose boundary is a tri- 
angle. Am. Mo, 55:309*11; 1948, 

Upson* William. Alexauder Botts and the Moebius strip, Saturday Evening Post, 
December 22, 1945, P* 22 ff^ 
Humorous ^kit based ou the Mobius strip, 

Upsoff, William, Paul Bunyan vs. the conveyor belt, ford Times 41:14-17; Dear- 
bom. Mich,: Ford Motor Co.* 3000 Schaefer Road, July 1949. 
Another humorous skit, 

47 Map-Coloring Problems 

A well-known problem of iuterest to mapmakers 13 the auswer to the ques- 
tion: "How many colors are necessary to color a map, showing any number 
of countries, in such a way that uo two couutriea haviug a common boundary 
shall have the same color?" Apparently an innocent enough questiou, it con- 
tinues to baffle topologists. 

Thus one might expect that the more elaborate a map becomes, the more 
colors would be required if the desired conditiou above is to be fulfilled, but 
such is not the case. Curiously enough, no map has y^t heen constructed 
for which four colors would not be sufficient. This is very different, however^ 
from proving the generalization that four colors would suffice for any con- 
ceivable map. 

What has been proved, among other theorems, is that five colors are 
always sufficient for auy map drawn on a sphere or on a plane. Whether five 
colors are always necessary is still an open question. 
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Ranuggi, Ernest, Pop-ups, Tht Ntw Jtrsty Mathematics Teacher 12:3*6; 1956, 

Flat assemblies whiGh open up into the third dimension, 

RoTHE, Richard, Fallen and Formen mil Papier, Wien: Deutscher Verlag fUr 
Jugend unil Volk, 1923, 154 p. 

Row, T, SuNDAftA, Geomttrtcal Exercises in Paper Folding, Madras* 1893, (Trans, 
by Beman & Smith, Chicago: Open Court Publishing Co,, 1905, 1941, 148 p,) 

RuPP, C, A, On a transformation by paper folding. Am, M, Mo, 31:432-35: 1924. 

Sara^as, Mrs. Claude, Origami: Folding Paper for Children, Tokyo, 1951, 53 p, 

SaupEt Ethel, Simple paper models of the conic sections, M, T- 4S;42*44; 1955, 
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Thigg, C ConfiguratioB generate by folding % »qi:ftre. Scrip. M. 21:77-80; 
1955. 
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Trigg, C W. Folding tctrahedra. Am. M. Mo. 58:39-40; 1951. 
TmcG, C. W, Geometry of paper folding. S. S. M. 54:453*55; 1954. 

Th^ first of a seriet of short papera on the aiibject of paper foldings 
TniGG, C W. Geometry of paper folding, S. S. M. 54.^683*89; 1954, 
Trigg, C, W, Problem 2184, S, S, M, 50:407-408; 1950. 

Trigg, C, W. Tetrahedron from an envelope, Los Angeles MathemaHcs Newslet- 
ter 2:1: January 1955. 

Yapur, Rurmo. Plegado. Buenos Aires, 1939, 

Yates, Robert C, Folding the conica. Am. Mo 50:22&^; 1943. 

YATESt Robert C, Pap^r folding, /V, C T, M., 2Sth Yearbook, 1945. p. 154^9. 
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62 p, (Box No, 3, Ogikubo Po«t Office, Suginamt^Ku, Tokyo*To, Japan) 
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Ball» W, W. R. and CoxeteR, H. S, M. Untcursal problems* Mathematical Recre- 
ations and Essays, London: Macmillan, 1942, p. 242*66, 

Bralne, R, Die Vte]passaufgab«, Z. M, N. V. 51:23; 1920. 

DosTAL, H, 2ur Vielpassaufgabc, Z. M, 51 :204; 1920, 

Graham, J* Experiment in generalizing; a unicuraal problem. Journal of Ex* 
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LiETZMANN. Walter, Labyrinihc, 2, M. N, 61:128*31, 1930. 
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Chapter 5 

UNDOUBTEDLY of Chinese, or at leatt OrienUl origin, magic squares Acem 
alwayt to hftve b«en associated with mysticism. Through the ages they 
have been used iti fortune telling and as talismen and amulets. Often 
they were associated with the symbols of the alchemist; and they played a 
significant role in the cabalistic writings of the Hebrews* 

Although the theory of third-order squares is simple and complete, no 
completely general methods of construction are known, nor has a complete 
count of magic squares of all orders ever been made. Magic squares may be 
derived from a given arrangement by various transformations, such as mirror 
reflection, rotation through 90^, cyclic interchange of rows or columns or 
both, and, in the case of even-order squares^ by simple interchange of oppo- 
site quarters. 

In addition to ordinary magic squares, a number of interesting varieties 
are to be found: hordtrtd squares, ].e., squares within squares; pandiagonal 
squares, Le., squares that are magic along the broken diagonals as well as 
along the two main diagonals; symmetric squares, i.e., squares of order n 
such that the sum of any two numbers in skewly related celis shall be con- 
stant and equal to + 1; magic squares of nonconsecutive numbers; 
doubfy'TTtdpc squares; magic domino squares; magic cubes; magic circles; 
interlocked hexagons; composite squares; and so on. 

The theory and construction of magic squares is related to lattice theory. 
Indeed, as James Bymie Shaw has aptly said: "Latin squares, magic squares, 
linkages, polyhedra^ crystals, groups, properties due to singularities, auto- 
morphic forms, lattices, topology, isomers, isotopes, valences, equivalences^ 
syzygies, systems of forms, transitivity, linear dependence, functional de- 
pendence, and many other related topics all are fundamentally based on 
symmetries of some sort.'' Is it any wonder that magic squares are so 
fascinating? 

5J 900-1 924 

Ahrens, WiLHELM. Htbratscht Amulette mit magtschen Zahlenquadmtcru 1919. 
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Chapter 6 



HIS CELEBRATED theorem ii notible, first because of the neb biitorical 



a&SQCiations suggested thereby; secondly, because of the imaEing variety 



af proofs which have been given; and thirdly, because further exploration 
quickly leads to interesting and perhaps unsuspected byways^ such as the 
Golden Section, dynamic synimetry, logarithmic spirals, angle trisection, 
duplication of the cube, squaring the circle, detenninatioit of the value of iti 
the concept of the irrational number) regular and star polygoni and poly* 
hedra, theory of numbers, construe ".Ability of angles and polygons, continued 
fractions, phyllotaxy, musical scales^ Diaphontine equations, Heronian tri- 
angles, and Pythagorean number lore. 

Two worlcs are of particular interest: the brief monograph by Loomis, 
which gives over 200 proofs of the theorem, and tbe stimulating tract by 
Naber^ which is unusually suggiestive with respect to the ramifications of the 
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V£R TWO thousand years ago Greek mathematicians devoted themselves 



to certain problems which have engaged the attention of men ever 
since. The many attempted solutions and the spirited controversies 
which these problems created through the ages served to stimulate inunensely 
the development of mathematics, particularly algebra, equation theory, geom- 
etry, theory of numbers, group theory, and analysis. 

Three of these problems are usually thought of together, namely: (a) tri- 
secting an angle, (b) duplicating a cube, and (c) squaring a circle. As pro- 
pounded by the Greeks, all three problems were to be solved by '*pure 
Euclidean"" methods — that is, by the use of compasses and the unmarked 
straightedge only. With this limitation— the use of straight li nes and circles 
alone — none of these three problems can be solved.. But this f^^t was not 
proved until about 1800. Nevertheless, each passing year witnesses stubborn 
attempts, on the part of laymen and amateurs aUke, to tackle one or another 
of these famous ''unsolved'^ problems and so achieve immortality. 

Also of great concern to the Greeks were the famous paradoxes of Zeno. 
Somewhat different from the classical constructions, they presented an im- 
posing challenge to the imagination — a challenge which, in sligKtly different 
form, plagues the mathematician even today. What is involved is nothing 
less than the concepts of infinity and continuity, fdeas which lie not only at 
the roots of modern analysis, but fit the very foundations of mathematics 
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7,2 Trisecting An Angle 

In many iiva>$. this ims become the most famous of the three ancient problems 
— ajso the most tantalizing. It is easy to bist^ct any anglel 

Both tjie trigonometric and the algebraic analyses of tjie problem lead to an 
equation of the form jf* ^ 3x* ^ 2a " 0, Hie question then arises: for all value* 
of a, is Jt possible to find a root x of this equation by means of compasses and 
straightedge alone? Modern mathematics has given an unequivocal answer: No. 
For it has been sho^n that ^ith the straightedge and compasses together, and 
no other instruments, it is possible to make only those constructions ^hich are 
algebraicaily equivalent to a Anlte number of operations of addition^ subtraction^ 
multiplication, division, and the extraction of rea] square roots involving given 
lengths. Yet despite this irrefutable evidence, the race of a ngle*tri sectors, as 
R* C Yates has suggested, is indeed a hardy one. 

It remains fo^ be pointed out* of course, that not a fe^ constructions ^ith 
straightedge and compasses yield remarkably close approximations for trisecting 
a given general angle. Some of them are ^ close that their discoverers often 
delude themselves; indeed, the mistakes tn the purportedly exact constructions 
are often extremely difficult to detect. 
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iV, V. 65:274-79; 1934. 

BfRCERi E. J. A trisection device based on ihe instrument of Pascal. T. 45: 
287+; 1952. 

Berkel. E. Mechanical trisector. 5a. Am. 113:519; 1915. 

BoRRiERO) Antonio. La trisezione dell'angoto e k risoluzione delPequazione 
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7 A Squaring a Circle 

In this classical problem the goal was to determine the side of ^ square 
whose area should be equal Xo that of a given circle. Strictly speaking, thia 
is no more ^ recreation, in one sense of the term, than the trisection of 
angle or the duplication of ^ cube. Yet tlic problem has a long snd honor- 
able history. 

About 200 years ago it was shown that tr is incommensurable. Toward 
the close of the 19tb Century the transcendence of ^ was established. Until 
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7,5 History and Vafue of Pi (^) 



The various values assigned to tt at different times and the numerous 
attempts to 6nd more precise approximations constitute a fascinating story, 
from Archimedes' value 3*4 > ^ > 3'%i to Shanks' computation to 707 
decimal places in 1873-74. During the 18th and 19th Centuries the number 
JT occupied the attention of mathematicians {including many amateurs) in 
connection with the problem of the quadrature of the circle. Enthusiasm 
for that problem diminished, however, when in 1882 Lindeman proved that 
TT is transcendental, although the race of circle-squarers is a hardy one. 

Popular interest in the computation of the value of tt was revived late in 
1949 when the ENIAC* an electronic computing machine at the U. S. Amy s 
Ballistic Research Laboratories at Aberdeen* Md.* computed ir to 2035 
places certain in about 70 hours of the machine's running time. 
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Scrip. M. 18:25-30* 1952. 

RaJacopal. C. T. and VedaMurtHi Aiyar, T. V. On the Hindu proof of Greg- 
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7.6 Zeno's Paradoxes 

Nearly 2S00 years ago, mathematicians and phllosopherB were gte«tly 
concerned by cerUin paradoxes involving the notion of the infinite* Modem 
mathematicians are equally puzzled by these paradoxes. 

The famous paradoxes on motion, propounded by Zeno about 500 B. C, 
included : 

L the Dichotomy — that motion is impossible, because a moving object 
must arrive at the middle before it reaches the end; 

2. AchilUs and tht Tortoise — if the tortoise is given a head start, Achilles 
can never overtake him; 

3. the Arrow — which must either move where it is or move where it 

and so, although in flight* it is always motionless; 

4. the Stadium — in which it appears that a given time interval is equiva- 
lent to an interval twice as great. 

Beneath the apparent sophistry of these contradictions there lie subtle and 
elusive ideas of the most profound sort. Many explanations of the paradoxes 
have been offered over the years. Their meaning depends upon what inter- 
pretation is given to the logical foundations of mathematics — an area in 
which modern mathematicians are very far from being in agreement. 

AltshilleK'Court, Nathan. The motionless arrow. Sci* Mo. 63:249-36; 1946. 
Good discuss ion. 

Bolzano* Bernard. Paradoxes of tht Infinite. New Haven: Yale University Press, 
1950. 189 p. 

Cajoai, Florian. The history of Zeno's arguments on motion; phases in the de- 
velopment of the theory of limits. Am. M. Mo* 22:1^ 39-47, 77*82, 109-15, 
143^, 179-86*215*20, 253^58,292-97; 1915. 
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GrupiiauMi Adolph. a consistent conception of the extended linear continuum 
at an aggregate of unextended elements. Philosophy of Scienct 19:288-306; 
1^2. 
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8J Mathematics in Nature 



Long years before modeni biology finally succumbed, as did the other physical 
sciences* to the relentless scrutiny of mathematical analysts, professional entomol<v 
gists as well as lay naturalists observed many instances of matbematicol relation- 
ships in living forms — notably shells, flowers, spider webs^ honeycombs, and the 
like. One of the most brtllUnt and prolific writers in this field was the late 
D'Arcy Thompson, Another astute observer was the naturalist Jean Henri Fabre, 
""poet and prophet of the insect world,"" ^H-taught amateur mathematician, whose 
inimitable beauty of style is exemplified in tJie following passage: 

""With this weird number [t = 2,718 , . ,] are we now stationed within the 
strictly defined redm of the imagination? Not l-, all: the catenary appears actually 
every time that weight and flexibility act tn concert. The name is given to the 
curve formed by a chain suspended by two of its points which are not placed on a 
vertical line. It is the shape taken by a flexible cord when held at each end and 
relaxed; it is the line that governs the shape of a sail bellying in the wind; it is 
the curve of the nanny-Soat's mtlk bag when she returns from filling her trailing 
udder. And all this answers to the number t , , , 

"^What a quantity of abstruse science for a bU of string! Let us not be surprised, 
A peljet of shot swinging at the end of a thread, a drop of dew trickling down a 
straw* a splash of water rippling under the kisses of the atn a mere trifle* after 
all« requires a titanic scaffolding when we wish to examine it with the eye of 
calculation. We need the club of Hercules to crush a fly,*' 



CuLEMAN, S, AND CoAN, C A, Proportiotud form. New York; G, P, Putnam*s Sons, 
1920, 265 p. 
Discussion of mathematical forms in Nature, 
CooKt T. a. Spirals in Nature end Art, London/ 1903. 
'^Economy of Symmetry." M, M, 12:210-12; im 

Gardnu!* Martin, Is Nature ambidextrous? Philosophy and Phenomendogiad 
Research 13:200-11^ December 1952. 

Illuminating discussion of symmetry, asymmetry, ""leit-nght,"" etc, 

Gardner, Martin, Left or right? Esquire, February 1951, 
Symmetry and asymmetry in Nature; excellent. 
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Chapltr VI, p. 87-110. 
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animals; also proportion in the human body, 
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Teachers of Mathematics 21:d*ll; 1946, 
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TiL<;?iii>* ,A»tiRE^ La toile geomitriqae des araignees, (Geometry of the spider's 
web), Paris: Les Presses Univcrsitaires de France, 1942. 536 p. 

B, Be«s and Honeycombs 
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GRAESSEHt R, F, Some mathematics of the honeycomb, S* 5, M, 46:33943; 1946, 
Heath, T, H, A Manual of Greek Mathematics, Oxford, 1931, 

Translation of Pappus' "Preface on the sagacity of bees," p, 389-90, 
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Van Nostrand, 1929. p, 91-99, 

PoLAcHEK, Hahry, The structure of the honeycombs 5crip, M, 7:87-^; 1940, 

,StMONS, Lao G, Fabre and Mathematics, and Other Essays, New York; Scripta 
Mathematical Yeshiva College* 1939, 101 p. 
Discussion of the mathematics of the spider's web, wasps, bees, etc, p, 1-24, 
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STEiMHAUSf H- Math€mtuic<d Snapshots, New York: G, E< Siechert. p- 91-92, 
VocEi^ Louis* Cottfttruclion of « honeycomb, 5, S, M, 37:386-67; I937, 
Webster, p. The bee is 1 muhefnaticiin. 5.5. Af. 31:841-46; 1951. 

C. Phyllotaxis 

ChurcHi K,H.On iht InterpretoHon of Phenomena of Phyllotaxis, London: Ox- 
ford Univcniiy Pteit, 1920; 

Church, A, H, On iht RelaHon of Phyllotaxis to Mechanical Laws, London: 
Williims ind Norgaie, 1901, 1904. 

Cox£TERf H. S. The CoMen Scotion* phylJotuxis and WyihofT's game, Scrip. 
19: 135-43 i 1953. 

LiETZMANZf, Walter. lusHgcs and MerkwHrdiges von Zahlen und Figuren, Bres* 
J ait: F, Hirt, 1930, p, 288-92. 

SchOpbachi Werner, Pftanzengeometriei Vber die geometricht Organisation der 
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VerUg, 1944. 240 p. 

Tait, p. G. On Phylloiaxis. Proceedings, Royal Society of Edinburgh 7:391-94, 
1872. 

Thomp^n, Sir D*Arcy, On Growth and Form, Cambridge: 1%2, Vol. 2, p. 924-33. 

8.2 Mochines Thot Think 

Regardless of what the fittitre historian may say^ there is no doitbt that 
developments daring the last dozen years in the field of electronic computing 
machines have been little short of phenomenal. Amazingly enough, the rami- 
fications of these itnbelievably rapid developments have gone far beyond 
computing even of the most elaborate sort Apparently we are on the thresh- 
old of what is yet to come in the way of thinking machintst giant brains^ 
logic machintSf and machines that play tit-tat-toei gin rummy^ and chest, if 
ever man's ingenuity and imagination have served him well, it is in this area. 
He has drawn upon material from symbolic logic. Boolean algebra, and 
binary notation^ and, with the aid of the electronics engineers, has boldly 
synthesized mechanisms which can handle information with uncanny skill 
and breath-taking speed. 

Apler, Jerry. So you think you can count! Mag, 28:83; 1954-55. 
"Automatic Control," Set, Ant, September 1952, 

Entile issue devoted 10 subject of auiomaiJon; many excellent articles on 

relaied topics. 

Bamman* Howasd, Thinking machines and your telephone, 5, 5, M, 55:]09>19; 
1955. 
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Beitman* M* N. Electronic circuits perform mathematical processes. Radio News 
53:72+: May 1945. 

Berkeley^ E* ^ Boolean Algebra (the technique for manipulating "and,^* ''or/' 
**noti'^ and conditions) and applications to insurance* Rtcord of the Amer" 
ican Institute of Actuaries 26:373*414; October 1937* 

Berkeley, £* C Conditions affecting the application of symbolic logic* Journal 
of Symbolic Logic 7:160-68; December 1942* 

BerKeleiy, K C Geniac* life Magazine March 1% 1956* p* 173-76* 
Berkeley. E* C* Giant Brains, or Machines That Think, New York: Wiley* 1949* 
270 p. 
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BERKELtY* Edmund and assoc[ates;. OENJACS: Simple Ehctrtc Brain Ma* 
chines, and Hoiv to Make Them. Newtonville* Mas**: E* C Berkeley 4 Asso- 
ciates;* 815 Washington St*, 1955, 64 p. 
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and liow (o Make Them. Newlunville. Mass.: E. C Berkeley & Associates, 815 
Washington St. 
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BhnKELEY, E. C. A^D JehNso^j* R. a. ConsutiCting Electric Brains. Newtonville. 
Mass.: E, C* Berkeley and Aj^sotiates. 815 Washington Sh 
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it add, subtract, multiply, divide, and solve problems automatic ally, using 
relays, electronic tubes, or other devices. 
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885: 1949. 
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Kbutch. Joseph W. The Abacus and the Brain. The Measure of Man. New York: 
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WIe^^R, NoftBtCHT. The Human Use of Human Beings. (Cybernetic* md So- 
ciety). Boston: Hotighton Mifflin, 1950. 242 p. 

A nontechnical di»€ii«sion; « sequel to CYberneiks (1948). 

WoODBURT, D. 0. Could robots reproduce themselves? Science Digest 41:84-88; 
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8.3 Cryptography and Cryptanalysis 

The art of writing secret messages is ns old, presumably, as the human 
desire to convey information to certain individuals while withholding (t from 
all others. Clearly this has utility for political and military purposes. The 
ability to read a secret message without having possession of the key, also 
a highly useful skill, has its sheer recreational and challenging aspecta. 

The terms code and cipher are not to be confused. A c^e is a device which 
requires a code dictionary to write and to read, or, more precisely, to en- 
cipher and to decipher. An encoded message is shorter than the original, or 
plain-text message; a few consecutive letters may represent an entire para- 
graph. A cipher, on the other hand, is as long or longer than the plain-text 
message. 

Ciphers are of two general types: (a) transposition ciphtrs, in which the 
letters of the plain-text message are unchanged but their order U ■crambled 
in some systematic manner; and (b) substitution ciphtrs^ in which letters, 
or groups of letters, or other symbols, are substituted for letters or groups 
of letters of the plain text. 

Thus when a bona-fide person in possession of the code book simply re^ 
verses the process of encoding a code message, he is said to decode or to 
decipher it. When a person having no knowledge of the key to a cipher or 
cryptogram "breaks" the cipher, he is said to have solved it. The art of 
devising secret ciphers is called cryptography. The art of breaking crypto- 
grams is known as cryptanalysis. 

Apart from the utilitarian and romantic aspects of secret messages, crypt- 
analysis offers an implied challenge to human ingenuity which Is not easily 
resisted, and which intrigues many devotees to whom utility and sentiment 
are immaterial. 
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CustrinC. B- Ciphers and ciphering machines* Swedish Engtnttrs" Builttin 
36:6; October 194L 
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8.4 Probabiltty^ Gambling^ and Game Strategy 

'*To err is human; to forgive, dtvine." Man errs frequently because of 
the uncerUinties with which be ii beset. Human experience U iteeped in 
probabtlilies. To be sure, tome things are oerUin. The object dropped will 
surely fall to the ground. Five canis drawn from a deck at random will 
surely not contain five aces. Many other things ate equally ccxtafn. But 
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mtny more m lubject to *Vhtnce," which tnetiii that we are not ceruin. 
In other words, we do not know; we tre ignortnt. It reminds one of the 
two peT|Jexed westher buretu officii one of whom suggests to the other: 
*^Why don't we jutt tell them the truth — either it will rain tomorrow or it 
won*t" 

Mathematicians have at various times espoused two principal approaches 
to the quantitative study of probability: (a) the subjective view^ according 
to which probability describes the degree of certainty or uncertainty, or the 
intensity of one's belief; and (b) the statistical view, according to which 
probability is regarded as the relative frequency with which an event occurs 
in a certain category of events; or, popularly paraphrased, "that which 
usuaOy happens we say is probable; the more often it has happened, the 
more likely it is to happen again/' 

Both points of view have advantages as well as serious limitations. The 
calcultis of probability (which draws freely upon both), has proved ex- 
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and businessmen as well. The entire institution of modem insurance rests 
in large part upon probability theory. In recent times, the theory of proba- 
bility has seen brilliant advances such as those exemplified by sampling and 
qttality control techniques on the one hand, and by the theory of games and 
strategy on the other — to cite but two of the most dramatic recent develop* 
ments. 

A. Mathematics of Gambling — Bridge* Poken and Diet 

Bakst. Aarom. How To Have Fun with Lady Luck. Mathematics: Its Magic and 
Masttry. New York: Van Nostrandi 194L p. 329-53. 
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BLAtKHtt E. E. Yea Can't IFin: Faas and Fallaaes about GambUag. Washing- 
ton* D. C: Public AfFaiis Press, 1949. 
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BoreU Emil£ and Cheron> Andr^. Thtorit maihtmatigues da bridge i la porUt 
dt lous, Paris: Gauthier-Villars, 1940. 392 p. 2nd edition. 19S5. 424 p. 
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"Bridge HiDdi; Frequency of Occttrrence Accordmf to Suit Diitiibution/^ Am. 
M, Mo. 48:329^; IML 

BtowH^ B. H. Probabilitiea ia the ftmo of shooting crtp«. Am. M, Mo. 26:351- 
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I'his hoary anachronieni should doubtless be left to sink into oblivion 
along with angle trisect ion and perpetual motion, And yet — some rather 
intriguing matters compel our attention. 

For example, there were the machinations of the charlatan Zdllner and 
his spiritualistic friends^ who^ toward the close of the 19th Centuryr insisted 
that the properties of physical space of fourdimensions admirably accounted 
for otherwise inexplicable psychic phenomena. Then there are the phenomena 
of congruenccf symmetry, asymmetry* isomerism* polarization, and such, 
and their relation to the concept of dimensionality. Curious, also^ is the 
connection* earnestly profefwd by some, between religion and ''the fourth 
dimension,'* And not without interest is the use of four^dimensionsl con^ 
figurations, or their projections, as a source of original d^tgn. Finally, we 
iTiust not overlook the popular notion that* in relativity physics, time is the 
fourth dimension. 
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8,7 Dynamic Symmetry 

In the realm of art, the term symmetry generaHy refers to the relation of 
the partm of a design to the whole* Thus clauical symmetry concerns the 
disposition of the parta of a design, or the interrelatiotishipg between Imwr 
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dimensions of « detigD. Often based upon regular polygons or polyhedrons, 
it h$M been alluded to ai Gothic lymmetry, or static aymtnetry. 

Dynamic symmetry, on the other hand, involves proportional areay. It ta 
often thou^t of as an organic sort of symmetry, being exemplified in living 
organiama such aa plants, flowers and leaves^ and in the human figure. 

The principles of dynamic symmetry were rediteovered by the Iste )ay 
Hambidge totne 35 years ago. As used by Hamhidge, the term is peculitrly 
spprojviste to describe proportioning of sreas, since to the Greek msttw 
matician Bvvajitt irvixfierpotr meant "commensurable in power," particularly 
in a square. Thus the familisr root-n rectangles, the whirling squsre, tnd 
such, suggeit the force of the term "dynamic." 

Interestingly enough, the only peoples to use the principles of dynamic 
symmetry were the Greeks and the Egyptians. Even more interesting are the 
many bypaths into which the subject leads: (a) matherruuics — the Gotden 
section, Fibonacci numbers, continued fractions, the number system; (b) 
science — phyllotsxy, physiology, anatomy ; (c) the arU — sculpture, ceramics, 
painting, architecture, design, md modem advertising and printing layout 
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SirAftTQUTr Greek proportioiu theoretirftlly snd otherwife. American Archi* 
tectare 120:379*83; 1921. 

Van Dyck, Dynamic tymmetry in radio de»ign. Proceedings^ instittttt of Radio 
Engine^rM 20:14814511; 1932. 
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8,8 The Golden Section 

Just as the Pythagoreans first showed the reUtion of number to tone in- 
tervals tn music, so it was also the Greeks who first claimed that there was 
always some law of number that was applicable to creationa of nature and 
art, and which explained the beauty of such creations. One of the most 
notable of these laws is the Law of the Golden Mean, or the Golden Section, 

The law appears in many forms. In geometry it arises from the division 
of a given line segment into mean and extreme ratioj i.e., into two parts^ a 

and 6, such that = ^ ^ ^ , where a < b. This proportion was called 
the "Divine Proportion" by Luca Pacioli. By setting * = , we have 
X- — X — 1 = 0, or * The ratio, ^ "^2^ ^^^^^ * * - or 

<^, is known as the "golden number"^ the ratio ^^^—2 — ^ ~ 5 ~ 0.618 
. . . t and the ratio ^ =r 2.618 . . . , are all intimately related. 

As one pursues the ramifications of the Golden Section one encounters a 
variety of mathematical interrelationships: the pentagram and the regular 
decagon* Fibonacci numbers^ continued fractions, dynamic symmetry, and 
so on. 

The Golden Mean appears al many unexpected turns. In Nature^ among 
various plant and animal forms, we find phyllotaxy in leaves^ pentagonal 
symmetry in flowers and marine animals, and pentad act yl ism in vertebrates. 
In the proportions of the human body the Golden Mean is again to be fouml. 
Man has employed the same principle in the creative arts^ as seen tn the 
dynamic symmetry of early Greek vases and statues, in classical Renaissance 
paintings and in various aspects of contemporary denignt including 'lay- 
outs" in the printing and advertising crafts. For example, the majority of 
people consider the most aesthetically pleasing rectangular ahape that rectan* 
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